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At last we have zvhat amounts to a 
hackzmrd vacuum tube — a p~ channel 
FET. In this device, electron current 
goes from drain (plate) to source 
(cathode). 

The Field Effect Transistor (FET) is a 
comparatively new device whose operation 
differs radically from the more familiar 
n-p-n and p-n-p t 3 ^pes of transistors. The 



FET is a single- junction majority-carrier 
device while the n-p-n and p-n-p transistors 
are double- junction minority- carrier devices. 

FET manufacturers have settled on a 
new series of names for the three basic 
leads of this device; so, once again we en- 
counter a change in terminolog 3 ^ Figure 1 
compares an FET, a conventional transistor 
and the familiar vacuum-tube triode to show 
this change in basic- lead terminology. 



As with conventional transistors, which 
are represented by two types of devices 
(n-p-n and p-n-p), the FET is also repre- 
sented by two types of devices. These are 
designated the n-channel and the p-channel 
types of devices (see Figure 2). 

The electron in “n” material has a faster 
mobility than the hole in “p” material. 
Thus, the n-p-n transistor has a faster 
mobilit}^ than the p-n-p transistor and conse- 
quently a higher frequency response. A 
similar condition exists with the new FET’s. 
The n-channel FET promises a greater fre- 
quency response than the p-channel device. 
This does not mean that the p-channel device 
is not being manufactured. 

The FET is a single-junction device made 
up with the Source-to-Drain material (the 
majority-carrier path) doped in either the 
“n” or the “p” direction and with the Gate 
material doped in the opposite direction. By 
applying voltage so as to oppose the major- 
ity carriers in the channel (a negative volt- 
age applied to the gate opposes electron flow 
in n-channel material — a positive voltage 
opposes hole flow in p-channel material) the 
device is back biased. Under these condi- 
tions, the n-channel or p-channel material 
becomes a constrictive layer of dielectric 
material past which majority carriers must 
flow and can thus be controlled. See Figure 
3. 

For a given voltage setting between the 
gate and the source (bias, if you will), the 
FET rapidly reaches a point of saturation 
in the source-to-drain majoritj'-carrier path. 
This region of the curve gives the FET an 
effective Rp approaching infinity. This is 
where an increase in drain voltage (Vd) 
does not result in an increase in drain cur- 
rent (Id). This area of the curve is spoken 
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Figure 1. Comparison of basic lead terminology of FET’s, transistors, and vacuum tubes. 
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Figure 4. A chart of Vd vs Id curves of an 
FET showing the pinch off region and Ohmic 
region at different values of bias voltage. 




Figure 5. A chart of the Vp vs Ip curves of 
another FET showing Zener-knee breakdown of 
Gate-to-Drain back-biased diode. An exten- 
sion of the curves shown in Figure 4 would 
reveal a similar tendency of this FET to ava- 
lanche at some certain Vd voltage. 



of as the “Pinch-Off Region”. See Figure 
4. The area to tlie side of tliis (where an 
increase in Vd results in an increase in 
Id — close to the graph axis) is termed the 
“Ohmic Region”. 

A study of the Vd vs Id curves (see 
Figure 5) shows that with a given load 
line, the resultant transfer curve is non- 
linear. This non-linearity is relative to the 
deviation in the resistance represented in the 
majority-carrier path as controlled by the 
biasing voltage. The best “g,,,” occurs under 
zero bias conditions and the forward voltage 
at which saturation of this path occurs is 
called Vp (pinch-off voltage), Vp is counted 
as a characteristic of the individual device. 
Thus, in order to find the active g,,, at a 
bias different than zero, we must multiply 
the zero-bias gm by the factor one minus 
the ratio of gate voltage-to-pinch-off volt- 
age raised to the two-thirds power. 
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Figure 6. Comparison of an FET and a Unijunction transistor. 
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Operational gm = gm (at zero bias) 




Now, with a truly representative gm avail- 
able, one can closely predict the voltage 
gain of the device in a circuit by using the 
Pentode Av formula : 

Av operational gm x Rp, 

Noting that the input to the device is a 
back-biased diode, one can see that it offers 
a high input impedance and that this back- 
biased junction will show a capacitative 
effect from gate-to-source and from source- 
to-drain. The latter also gives a miller 
effect. Note also, that the input- impedance 
will decrease with increasing frequencies at 



which the product 



— becomes compa- 



into the n material between the emitter and 
base #1 thus reducing the ohmic resistance 
of the contact. The FET operates with a 
voltage-driven gate and the resultant back- 
biased junction with the field restricting the 
majority-carrier flow through the body of 
the device. The FET, like a vacuum tube, 
is a normally “ON” device and must be 
turned “OFF”. Conversely, the unijunction 
transistor is a normally “OFF” device (as a 
result of the ohmic contacts) and must be 
turned “ON” by the signal at the emitter — 
two totally different theories of operation. 

To summarize the properties and charac- 
teristics of the FET : 

A. Input Impedance: 

1. The FET is a high-input impedance 
device, the input terminal is essen- 
tiall}^ looking into a reverse-biased 
junction. 



rable to the input resistance. Also, the gain- 
bandwidth product will be approximately : 

Gain Bandwidth ^ 

ZtT h^out) 

Again, similar to the vacuum tube pentode. 
This dictates the usual compromise between 
gain and bandwidth when using this device. 

The FET should not be confused with the 
Unijunction Transistor, The theory of oper- 
ation is totally different, although at first 
glance, the unijunction transistor looks al- 
most like an n- channel FET. See Figure 6 
for a comparison. 



2. The FET has input capacitance that 
varies inversely with Vsg (bias). 
See Figure 7. 

B, Mode of operation ; 

1. The FET is a voltage-controlled 
device just as a vacuum tube pentode. 

2. The FET has a very, very high R„ 
(R,,) characteristic similar to a 
vacuum lube pentode. 

3. The FET has a consistently non- 
linear gm characteristic. 

C. Output Impedance : 



The unijunction transistor operates as a 
current-driven device with a forzvard-biased 
junction of p-to-n material injecting holes 



1. The FET is a high-output impedance 
device (current source). However, 
different means of manufacturing 




Figure 7. Variation of Source-to-Gate and 
Drain-to-Gate capacitance with voltage. 




Figure 8. Plot showing leakage current from ^ 
Source - to - Gate (Lsgo) and Drain - to - Gate 
(Idgo) against temperature under zero bias 
conditions. 
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may result in relatively low ratings 
of this characteristic in comparison 
with the vacuum tube pentode. 



tection against thermal run away. This 
statement is not wholly true in the case of 
MOS (Metal-Oxide-Insulated) FET's. 



J 



Another noteworthy characteristic of 
FET’s is their built-in protection against 
thermal run away. Because the input is a 
back -biased diode, the thermal - sensitive 
backward current (leakage current) flows 
from both the source-to-gate (Tsgo) and 
drain-to-gate (Idgo). Plotting this linear 
current against temperature under zero bias 
conditions of the other element gives two 
straight line projections as shown in Figure 
8 . 

This increase in leakage current in the 
gate junction has a resistive effect on the 
majority-carrier path resulting in a lower 
saturation current for a given bias voltage. 
For a graph of this action under zero bias 
conditions, and with the forward voltage 
from the drain to the source set at 50 volts, 
see Figure 9 (a). A cross graph of gm and 
output resistance plotted against temperature 
is shown in Figure 9 (b). The combination 





Figure 9. (a) Graph of saturation current 
under zero bias conditions and with the forward 
voltage from Drain-to-Source set at 50 volts, 
(b) Cross graph of gm and output resistance 
plotted against temperature. 

of these two reactions to temperature is 
such that as temperature goes up, gm goes 
down and Ro (counterpart of Rp in vacuum 
tubes) goes up. In other words, as the gate 
starts to lose control of the drain current, a 
greater portion of the actual drain current 
will be passed on to the load resistor thus 
tending to maintain the same change of 
voltage at the output. This is what we mean 
when we say that FET’s have built-in pro- 



The MOS FET’s separate the gate and 
channel with a layer of intrinsic material. 
As temperature increases on this device, the 
channel apparently increases also as it starts 
to include some of the insulating layer into 
the main channel. The MOS FET reacts 
more to changes in temperature than the 
regular FET’s even though they do away 
with leakage currents in the gate circuit. 

With standard FET’s, leakage currents in 
the gate lead have been reduced to the 
neighborhood of 0.001 to 0.0001 mA and 
this can be tolerated where instability of In 
with temperature change cannot. 

Characteristic curves of FET’s can be 
displayed on a Type 575 Transistor-Curve 
Tracer. The EMITTER-GROUND 
(SOURCE-GROUND) mode is used with 
the POLARITY control of the Collector 



Figure 10, Drain characteristics. Vds (horizon- 
tal) 2 V/cm, Id (vertical) 1 mA/cm. 




Figure 1 2, Transfer curve across zero bias. Vgs 
(horizontal) m 0.5 V/cm, Idss (vertical) = 
2 mA/cm. Center vertical graticule line is zero 
bias. , Negative bias to left, positive bias to 
right of center line. Crowding of markers on 
right hand side is due to gate drawing cur- 
rent. 



Sweep set to NPN (for n-channel FET’s) 
or PNP (for p-channel FET’s). The 
POLARITY control of the Base Step 
Generator should be set to MINUS for n- 
channel and PLUS for p-channel FET’s. 

FET’s that require more than 2.4 volts to 
drive them to cut off — and the great major- 
ity are in this category — will require that a 
1 kl2, 1% resistor be connected between 
the BASE (GATE) and EMITTER 
(SOURCE) binding posts on the test panel 
of the Type 575. This, in order to convert 
the BASE current, as indicated by the 
STEP SELECTOR switch in MA, to Gate 
Vgs voltage in volts. Thus, 1 mA per 
step into 1 kJ2 gives 1 volt/step and twelve 
steps at 1 mA per step can give up to 12 
volts — ample in most instances to drive any 
FET to cut off. 

The four waveforms represented in Fig- 
ures 10, 11, 12, and 13 were obtained in this 
manner. The FET used in these tests was 
an Amelco U-1346 field effect transistor. 



Figure 11, Drain current vs Gate Source Volt- 
age (Id vs Vgs with Vds const ant) . Vgs (hor- 
izontal) = 0.5 V/cm, Idss (vertical) =: 1 mA/ 
cm. 




Figure 13. Drain curves showing avalanche 
(breakover at the Gate-to-Collector Zener 
Knee). Vos (horizontal) = 5 V/cm, Idss (ver- 
tical) 0.5 mA/cm. 








Ten films produced Tektronix, Inc. 
have been certified as education films b}’ 
the U.S. Information Service. These films 
are available on free loan as an aid to 
companies engaged in educational or train- 
ing programs for their employees; or, if 
preferred, the films may be purchased. 

Interested persons should contact their 
local Tektronix Field Office, Field Engi- 
neer, Field Representative or Distributor. 

Listed below are the film titles, along 
with a brief review of the film : 

“The Oscilloscope Draws a Graph” . , . 
A 20-minute color film in sound. The film 
explains that the oscilloscope display is 
usually in the form of a graph, and de- 
scribes how to read or interpret the dis- 
play. 

“The Cathode-Ray Tube, Window to 
Electronics” ... A 35-minute color film 
in sound with animated sequences. This 
film explains in simple terms how a cathode 
ray tube works. It depicts the heart of the 
oscilloscope, the cathode ra}' tube, as it is 
used in radar, sonar and many other elec- 
tronic systems, including computers. The 
film also shows the step-b\'-step manufac- 
turing process of cathode ray tubes at Tek- 
tronix, from the forming of metal “gun” 
parts to the final testing of completed tubes. 

“The Square Wave” ... A 25-minute 
black and white sound film. Discusses the 
theory of square waves, employed in com- 
puters and mail}' other electronic devices ; 
usually, in the form of coded information. 
Animated drawings show how sine waves 



OOPS! WPOMG PAPT NUMBER 

In the October, 1965 issue of Service 
Scope two typographical errors involving 
part numbers, slipped b}" your editor. Both 
errors occurred in the article “Type M 
Four-Trace Plug-In Unit — Channels A, B, 
C, and D : Crosstalk”. The part number 
listed as 283-0050-00 should have read 213- 
0005-00; and the part number listed as 210- 
0001-00 should have read 210-0201-00. 



contained in square waves are harmonically 
related. The film demonstrates the basic 
use of the square wave generator and oscil- 
loscope and resulting information obtained 
from distortions. It discusses risetime and 
its importance in testing modern high speed 
electronic equipment. Suitable for audi- 
ences with at least a basic knowledge of 
electrical theor 3 ^ 

“Transmission Lines” ... A 23-minute 
black and white sound film. Discusses the 
fundamentals of transmission lines. Ani- 
mated drawings illustrate how electrical 
energy is transmitted along a line. An 
oscilloscope shows how reflections can oc- 
cur in a line. Characteristic impedance, the 
importance of proper terminations, line 
losses, time delay, and velocity factor are 
also discussed. 

“Time and Quantity” ... A 27-minute 
black and white film in sound. Discusses 
the measurement of time and quantity from 
billions of years to billionths of a second. 
Shows the importance of the oscilloscope 
as the basic means of making accurate 
measurements of very small segments of 
time. 

“The Oscilloscope, What It Is — What It 
Does” ... A nine-minute color sound film. 
Presents a non-technical explanation of the 
oscilloscope and its uses. Stresses the im- 
portance of the instrument as a measuring 
tool in electronic and other fields. Oscillo- 
scopes measure physical data in relation 
to small amounts of time. They are used 
in research, engineering, and education, and 
in production testing and maintenance of 



electronic computer and communication 
.systems. 

“Thevenin’s Theorem” ... A 12-minute 
black and white sound film. Presents a 
simplified approach to solving an electronic 
circuit which would otherwise involve com- 
plex mathematics. 

“Solving the Unbalanced Bridge ... A 
17-minute black and white sound film. 
Normally a solution to an unbalanced bridge 
problem requires considerable mathematics 
involving three simultaneous equations. This 
lecture film show''s and explains how simply 
this can be accomplished using Thevenin’s 
Theory and Ohm’s lawc 

“Triode Plate Characteristics ... A 
16-minute black and white sound film. Dis- 
cusses plate characteristics of a t^^pical tri- 
ode (6DJ8) showing how the three basic 
tube characteristics, amplification factor, 
plate resistance, and transconductance, may 
be determined from a set of plate curves. 
It also plots a load line and shows how to 
determine the gain of a simple amplifier 
from these curves. In addition a continu- 
ous display of the curves of a tube under 
actual operating conditions is showm on the 
Type 570 Characteristic Curve Tracer, a 
special-purpose Tektronix oscilloscope. 

“Ceramics and Electronics” ... A 22- 
minute color film wdth sound. Shows the 
importance of ceramic elements in the 
electronic industries and stresses the appli- 
cation of ceramic insulating strips and other 
ceramic parts in oscilloscopes. It also shows 
the complete manufacturing process, in- 
cluding mixing of clays, firing, and glaz- 
ing, at Tektronix. 



THE READER^S CORNER 



“Current Measurements at Nanosecond 
Speeds” is the title of an article written 
by a Tektronix engineer and published in 
the October, 1965 issue of ELECTRONIC 
DESIGN NEWS. The article discusses the 
problems encountered when attempting to 
measure nanosecond and sub-nanosecond 
current pulses. It describes the use of a 
current transformer for accurate current 



measurements at nanosecond speeds. 

Author of the article is Murlan R. Kauf- 
man, Design Engineer with the Digital 
Instrument group at Tektronix, Inc. Re- 
prints of the article are available. Con- 
tact your local Tektronix Field Office, 
Field Engineer, Field Representative or 
Distributor. 




CRT MESH FILTER AND RFI 
SHIELD 

Tektronix engineers have come up with 
a new CRT light filter and RFI shield 
that is unique. This new CRT Mesh Light 
Filter and RFI Shield is a metal screen 
of sub-visible mesh with the surface treated 
for extremely low reflectance. The screen 
is taully mounted on a metal frame. This 
unique filter-shield is a direct replacement 
for the existing graticule cover on most 
Tektronix oscilloscopes. Two exceptions 
are the Type 422 and Type 453 Portable 
Oscilloscopes. The filter-shield for these 
instruments snaps into the CRT opening 
on the front panel. 

The purpose of this new mesh filter-shield 
is to enhance visual CRT trace-to-back- 
ground contrast and attenuate RFI radi- 
ated from the CRT faceplate. It accom- 
plishes these purposes very well indeed. 
The curtailment of external ambient light 
reflections is highly efficient. T race- to - 
background contrast is enhanced to a point 
where it provides an ability to view low- 
intensity traces in normal room light, or 
even in brighter-light environments. The 
metal mesh is grounded to the metal frame. 
Thus, wlien the filter-shield is in place on 
the oscilloscope, a ground path from mesh- 
to-frame-to-oscilloscope effectively carries 
a large part of the CRT-emitted RFI spec- 
trum to chassis ground. Actual quantita- 
tive filtering depends upon the character- 
istics of the radiation and this varies be- 
tween instrument types. 

Following is a list of instrument types 
and the part number of the CRT Mesh 
Light Filter and RFI Shield thej^ use : 



TYPE 



PART NUMBER 



422 



378-0571-00 



453 

502, 502A, 503, 504, 
515, 515A, 516, 

51 7A, 524AD, 661; 
530, 540, 550, and 
580 Series 

506, 560 Series, 527, 
RM529, 647 



378-0573-00 



378-0572-00 

378-0574-00 



The CRT Mesh Light Filter and RFI 
Shields may be ordered through your local 
Tektronix Field Office, Field Engineer, 
Field Representative or Distributor. 



DUST COVERS FOR OSCILLO- 
SCOPES 




Figure 1, New dust cover for Tektronix oscil- 
loscopes shown on a Type 545B Oscilloscope. 



In response to numerous customer re- 
quests, we liave designed and now have in 
stock dust covers for some Tektronix oscil- 
loscopes. See Figure 1. The covers are 
made of blue vinyl material with a taffeta 
grained matte finish. There are black gimp 
seams around the bottom, front and back. A 
clear vinyl front allows easy identification 
of the oscilloscope and access holes in the 
top permit the oscilloscope to be moved 
with the cover in place. The Tektronix 
“bug” (trademark) and the word Tektronix 
are silk screened on the sides. 

Covers are available for the following 
instruments : 



TYPE 

647 and 560 Series 

{except 565 and 567) 

500 Series 

565 and 567 

502 and 502A 

453 

422 

(with AC/DC bat. pak.) 
422 

{with AC pwr. sup. 
only) 



PART NUMBER 
016-0067-00 

016-0068-00 

016-0069-00 

016-0070-00 

016-0074-00 

016-0075-00 

016-0076-00 



Covers may be ordered through your 
local Tektronix Field Office, Field En- 
gineer, Field Representative or Distributor. 



TEST POINTS FOR B PLUS 




Figure 2. Short pieces of bare wire installed 
os B-plus test points in the ceramic strips of 
a Type 545B Oscilloscope. 



L. E. Rishel, with the Otis Air Force 
Base in Massachusetts, has submitted to 
the Air Force and to Service Scope, a 
“do-it-yourself” modification that you may 
want to adopt. 

The suggestion involves installing short 
pieces of hare wire in the ceramic-strip 
slots in Tektronix instruments at the B 
plus test points. These wires provide quick 
and easy attaching points for a voltage- 
measuring probe tip and are safe even when 
using the alligator clips often employed 
with a voltmeter. 

We tried the modification on a Type 
541 A Oscilloscope (See Figure 2). In- 
stallation can be accomplished in a matter 
of minutes and offers no adverse effects 
on the scope’s operation. The wire pieces 
need not extend more than above the 
ceramic strip. Installed thus, they provide 
an ample length for the voltage-probe tip 
to grasp, 3 'et are not so long as to offer 
a hindrance in the normal maintenance 
and calibration of the oscilloscope. 

With the emphasis toward ever more 
compact instruments, and the close spacing 
of components that results, we recognize 
the need for easily accessible test points. 
Some of our latest instruments have just 
such test points designed into them. We 
expect this trend to continue in future 
instruments. 

TYPE 529 WAVEFORM MONITOR- 
HIGH FREQUENCY RESPONSE 

Some Type 529 Waveform Monitors will 
show a HF (high frequency) response that 
differs when using the monitor push-pull, 
from that shown when using it single-ended. 
A capacitance imbalance between the “A” 




and “B” inputs most generally causes this 
unbalance. The unbalance results in a HF 
roll off of approximately 1.3 clB at 4 MHz. 
This effect becomes particularly noticeable 
when using the Type 529 in a balanced mode 
of operation, with the output terminated 
with a 110 or 120-ohm resistor — a practice 
employed by many telephone companies. 

The following three-step procedure will 
correct the unbalance between input “A" 
and input “B” by balancing the emitter-to- 
ground capacitance of Q114 (input “A”) 
and Q214 (input “B”). 

Step 1. From the underside of the Verti- 
cal Amplifier and DC Restorer chassis 
locate R119, a 100-ohm potentiometer that 
serves as the X5 Mag Gain adjustment. 
From R119 a bare strap runs to a 2.26 k, 
W, 1% precision resistor in slot 11 of 
the adjacent ceramic strip. There is also 
a red and white wire running to another 
2.26 k, W, 1%, precision resistor in 
slot 9 of this same ceramic strip. Reverse 
these two leads at the ceramic strip. This 
should put the red and white wire at slot 
11 and the bare strap at slot 9. 

Step 2. Remove C133, a 2.8 pF, ceramic 
capacitor, located on the upper side of the 
RESPONSE switch. Re-install it on the 
VERTICAL MAG switch between the 



wiper on the last wafer of the switch and 
ground. Use the switch frame for ground. 
Step 3. Adjust C133 for best common- 
mode rejection. You may need to readjust 
C269 for HF compensation. 

EXTERNAL GRATICULES— RECOM- 
MENDED CLEANING METHOD 
We recommend the use of a mild soap, 
warm water (not hot) and gentle rubbing 
with a soft cloth for cleaning our external 
graticules. 

We have employed several methods in- 
cluding silk screening, and (only quite 
recently) hot stamping, to imprint the reti- 
cules on external graticules. Accurately 
ruled reticules composed of sharply defined, 
consistently thin lines aid greatly in accu- 
rately interpreting or measuring the oscillo- 
scope display. From this standpoint, there 
is little to choose between the silk screening 
and hot stamping methods. From the stand- 
point of visibility however, the hot stamped 
reticule offers a 10-to-l advantage over 
reticules imprinted by other methods. 

However, both the paint used in silk 
screening and the ink used in hot stamping 
the reticules are soluble in Anstac and other 
solvents. Their use as a cleansing agent will 
remove the reticule from the graticule! To 



be on the safe side, clean all graticules with 
a mild soap and warm water applied with a 
soft cloth and light rubbing action. 

P601S HIGH-VOLTAGE PROBE - RE- ) 

PLACEMENT OF DIELECTRIC 

Only fluorocarbon 114 should be used 
when replacing the dielectric in a P6015 
High-Voltage Probe. This gas is sold un- 
der several trade names all of which include 
the number 114. This number identifies 
the gas with the proper characteristics for 
use in the P6015 Probe. We supply a small 
can of fluorocarbon 114 with each P6015 
Probe and stock additional cans for our 
customers’ convenience. Tektronix Part 
Number is 252-0120-00. 

The use of fluorocarbons other than 114 
can involve a hazard. Some fluorocarbons 
are contained under a pressure much higher 
than that required by fluorocarbon 114. 

These higher-pressure fluorocarbons can be 
dangerous during the disassembly of a 
P6015 Probe. By escaping more violently 
than expected, they could damage person- 
nel and equipment. 

From the standpoint of toxicity, fluoro- 
carbons offer no problem; they are not 
dangerously toxic. 



NEW FIELD MODIFICATION KITS 



TYPE 526 VECTORSCOPE — QUIET 
FAN MOTOR 

This modification installs a lower rpm 
fan motor assembly for a reduction of the 
audible noise experienced from the original 
fan motor assembly. The new assembly 
is a direct replacement except for the addi- 
tion of a motor capacitor which requires 
the drilling of two 5/32" holes in the rear 
panel of the Type 526. This modification 
is applicable to Type 526 Vectorscopes, 
sn’s 101-909. 

Order from your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix 
Part Number 040-0412-00. 

TYPE RM16 OSCILLOSCOPE — SILI- 
CON RECTIFIERS 

This modification replaces the selenium 
rectifiers with silicon rectifiers which offer 
greater reliability and longer life. It is ap- 
plicable to Type RM16 Oscilloscopes, sn’s 
101-363. Order through your local Tek- 
tronix Field Office, Field Engineer, Field 
Representative, or Distributor. Specify Tek- 
tronix Part Number 040-0216-00, 



TYPE 262 PROGRAMMER — AUTO- 
MATIC SEQUENCER 

This modification supplies an Automatic 
Sequencer for the Type 262 that will scan 



up to eight programs. The Sequencer con- 
sists of two etched circuits (a synchronizer 
circuit and a counter circuit) each mounted 
in its own plug-in circuit card. Installation 
is simple because the Type 262 Programmer 
was designed with the automatic sequencer 
feature in mind and provisions made for its 
addition later. To install the modification, 
you need only to plug the circuit cards into 
their respective plug-in receptacles in the 
Type 262. 

Front panel switches, in conjunction wdth 
the Automatic Sequencer, allow for inter- 
rupting the automatic sequence in accord- 
ance with pre-established upper and low^er 
limits. An}^ combination of upper, middle 
or low^er limits may be used. 

The Automatic Sequencer can be syn- 
chronized with data recording devices such 
as printers or card punchers or with vari- 
ous test fixtures. 

Both manual push button and external 
control are retained with the Automatic 
Sequencer insta'-ed. 

A maximum of three Type 262 Pro- 
grammers in series will handle a total of 
24 different measurement programs. With 
an Automatic Sequencer Modification Kit 
installed in each programmer the entire 
24 measurement programs can be auto- 
matically scanned. The measurement rate 
can be S3mchronized with auxiliar}^ equip- 
ment or determined by the Type 567 and 
Type 262. 



In the synchronized mode of operation, 
the sum of the Type 6R1 display time and 
the Type 262 display time determines the 
measurement rate — up to eight measure- 
ments per second can be made in this mode. 

In the triggered mode of operation, upon 
completion of a measurement the display 
is held until an external completion pulse 
is received. Up to six measurements per 
second can be made in this mode. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify Tektronix Part 
Number 040-0331-00. 



TYPE 180 TIME MARK GENERATOR 
AND TYPE 536 OSCILLOSCOPE — 
SILICON RECTIFIERS 

Two Field Modification Kits, one for 
each of the above instruments, replace 
silenium rectifiers wdth silicon rectifiers. 
The silicon rectifiers offer greater stability 
and longer life. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify, for : 



TYPE 


PART NUMBER 


180A 


040-0214-00 


536 


040-0215-00 
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TEKTRONIX TECHNICAL TERMINOLOGY 

to the electronic jargon used- by Tektronix-oriented people. 



A handy guide 

Generally, in learning a foreign language, 
one is exposed primarily to the formal 
mode of that language. He will probably 
become quite adept at reading, speaking 
and writing the language in this form. How- 
ever, when he encounters the language in its 
informal mode, the colloquialisms, slang ex- 



AB, n. or a.. Carbon composition resistor (from 
AB, trademark of Allen-Bradley Co.). 

B.A., n. or a., Blanking Amplifier. 

Bloom, v.i., To increase in size. The CRT dis- 
play will bloom when high voltage supplies 
go out of regulation, reducing high voltage 
and increasing deflection sensitivity. 

B. O., n. or a.. Blocking Oscillator. 

Bounce, n.. Scattering of electrons that strike 
deflection structures in the CRT, producing 
flare (q.v.). 

Bl 0 W“by, n., Capacitive coupling through an 
“off” diode gate. 

Breathe, v.i., to vary slightly in level at a very 
slow rhythmic rate. 

Bump, n., a short duration, small-amplitude 
aberration in transient response, somewhat 
wider (in time domain) than a wrinkle or 
glitch (q.v.). 

Anticipation Bump, see preshoot. 
Termination Bump, aberration due to a 
slight mismatch in a reverse- (source-) ter- 
minated delay line, appearing in time rela- 
tively long after the leading edge of a step 
function. 

Cap, n. or a., Capacitor. 

C. F., n. or a., Cathode-Follower. 

Cathode Interface, n. a tube defect, specif., 
development of an insulating layer between 
the cathode sleeve metal and the emissive 
coating in a vacuum tube (incl CRT), result- 
ing in an effective RC network in series 
with (part of) the cathode. Electrical effect 
is normal gain at very high frequencies, but 
lower gain at low frequencies. Time con- 
stants are in the ns-/is area, and are con- 
siderably affected by cathode temperature. 

Cream, v.t.. To ruin or destroy absolutely (by 
extension from pulverize). 

Crunch, v.i., To saturate. 

v.t., To drive into saturation, or to destroy. 

D. A., n. or a.. Distributed Amplifier. 

Dag., n., Conductive coating, usually of carbon, 
applied to the inner walls of a CRT to main- 
tain a large equipotential area; also used to 
form a helical resistor around the inner 
walls of a CRT to maintain a specific post- 
acceleration voltage gradient. From aqua- 
dag, a water suspension of carbon particles. 

D.C. Shift, n.. Shift of DC level following a 
step-function, over a few seconds or tenths. 
Similar to Dribble-up, but in a much longer 
time-domain. 

Dogbone, n. or a. Ceramic tubular capacitor 
with radial leads. 

Dot, n., A single sample presented on screen in 
pulse-sampling. Dot Transient Response, 
transient response independence from num- 
ber of samples per display (sampling). 



pressions and trade jargon will almost sure- 
ly puzzle and confuse him. Very probably, 
we in the United States are more prone to 
indulge in the vernacular than others. 

Since Service Scope travels to our friends 
overseas, we do try to present its articles in 
the formal mode of our language. We do 



Dribble-up, n., Disproportionately long 50-100% 
or 90-100% response in relation to 10-50% 
or 10-90% risetime; usually with reference 
to the nanosecond time domain. Essentially 
similar to “DC Shift”. 

E.F., n. or a.. Emitter-follower. 

Eyeball, v.t.. Originally, to avoid parallax error 
in oscilloscope measurements by lining up 
the reflection of the pupil of the eye with 
a graticule line and the trace. Now, to 
scrutinize in general. 

Flare, n,. Scattering of electrons in the CRT 
resulting in hazy light areas on the screen. 
Usually caused by bounce (q.v.) or secon- 
dary emission in the CRT. Dag Flare, Flare 
resulting from the beam striking the walls 
of the CRT. (See Dag). 

Garbage, n. Large amplitude noise, commonly 
low-frequency noise, as contrasted with 
“Grass” (broadband noise). 

Glitch, n., A waveform aberration consisting of 
a step or transient pulse in some portion of 
a CRT display which would be otherwise a 
smooth curve or straight line. A train of 
two or three small glitches might be refer- 
red to as a wrinkle (q.v.); a glitch of rela- 
tively long duration or smooth symmetry 
might be called a bump (q.v.), A glitch 
immediately (before or after) associated with 
the leading edge of a pulse usually carries 
its own terminology — e.g,, pre-shoot, over- 
shoot, hook, etc. 

Grass, n., Baseline noise (broadband). CF “Gar- 
bage”. 

Gun, n.. Electron gun. That portion of a CRT 
which generates and focuses the electron 
beam. The term does not usually include 
the deflection structure. Gun voltage refers, 
however, to the voltage from the CRT 
cathode to the average deflection-plate volt- 
age. 

Hook, n., A time constant (stray C or dielectric 
losses) in a compensated divider unrelated 
to the nominal component values. (From 
the effect on the display of a step function 
passed through such a divider.) 

Hooky, a.. Exhibiting or having a tendency to 
exhibit a hook (q.v.), especially of dielectric 
materials. 

Interface, n., (1) The (electrical) boundary be- 
tween two pieces of related or relate-able 
equipment. The conditions at the interface 
(typically an output-input relationship) de- 
termine electrical compatibility. The inter- 
face conditions between plug-in and main 
frame in an oscilloscope are usually stand- 
ardized for interchangeability; i.e., voltage, 
current, and signal levels at this point are 
made to fall within specified limits. In 
computer usage, interface equipment is that 
which acts as a transducer between elec- 
tronic and electromechanical, parallel and 
serial, or machine and human communica- 
tions systems. 

(2) Cathode Interface (q.v.). 



endeavor not to employ technical jargon 
and slang expressions. However, many of 
our overseas readers have expressed an 
amused (and perhaps confused) interest in 
these terms and expressions. For their bene- 
fit, we present here a few of these expres- 
sions and their interpretations. 



Kluge, n., A lashup, a hastily or awkwardly 
constructed assembly. 

Kluge, v.i.. To collapse or fail utterly, usually 
violently. 

Kluge, v.t.. To shut down (permanently), smash 
or destroy. 

Miller, n., A Miller integrator (sawtooth gen- 
erator). 

Mono., n., A monoaccelerator CRT. 

Monoaccelerator, a. or n., (A CRT) having a 
single accelerating field, with no further 
acceleration of the electron beam between 
the deflection structure and the screen. 

Multi, n.. Multivibrator. Pronounced “MuF-tee”. 

P.D.A., n. or a., Post-deflection accelerator 
(post deflection anode), or a CRT equipped 
with an accelerating field on the screen 
side of the deflection plates. Some manu- 
facturers call this element the “Ultor”. 
PDA ratio: Ratio of the gun (cathode-to-de- 
flection-plates) to post accelerator (deflec- 
tion-plate-to-screen) voltages in a CRT. 

Post, n., A post-deflection accelerator, or a tube 
equipped with such an accelerator. “10 kV 
on the post” means a 10 kV potential ap- 
plied to this element. Distinguished from 
mono-accelerator CRT design. 

Preshoot or Prepulse, n., A small negative ex- 
cursion immediately preceding (the display 
of) a positive-going pulse, or vice versa. 

Puff, n. or a.. Picofarad (pF). 

Puffer, n., A small capacitor, the value of which 
is indicated in picofarads. One-puffer. 

Schmitt, n. or a., Schmitt (cathode-coupled) 
multivibrator (“Schmitt Trigger”). 

Slash, v.i., To produce a streak (usually verti- 
cal) instead of a dot (q.v.) on the CRT for 
each sample (sampling oscilloscopes). 

Slash, n., A vertically elongated dot produced 
by spot motion during unblanking in pulse- 
sampling instruments. 

Spudger, n., Fully insulated tool for dressing 
leads or components. 

T.D., n. or a., Tunnel diode (Esaki diode). 

Tweak, v.t.. To adjust (an inductor, capacitor 
or internal calibration control) very slightly. 

Tweaker, n.. Tool for tweaking (usually one 
which fits only certain components). 

Tweak up, v.t,. To bring into proper adjustment 
by tweaking. 

V.A., n. or a., Vertical Amplifier. 

Wrinkle, n., A short-duration, small-amplitude 
aberration in transient response; usually a 
small echo in a delay line. 
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Tektronix, Inc. 

P.O. Box 500 

Beaverton, Oregon, U.S.A. 97005 




One of tlie desirable and potentially more 
useful features of a general purpose con- 
ventional oscilloscope is its ability to dis- 
j)lay, however momentarily, erratic events. 
Unfortunately, the conventional oscilloscope 
cannot always present these events in a 
conveniently-observed manner. To con- 
veniently dis{)lay information for visual 
observation, measurement, and analysis, the 
conventional oscilloscope reciuires events that 
recur in identical form many times per 
second. Given these conditions, tlie display 
will be a brigiit and steady trace. Erratic 
events are not always so accommodating 
so as to rej>eat themselves indefinitely and 
allow the observer to revise or complete 
liis estimates. 

So in a conventional oscilloscope, the 
ability to displa\- erratic events and the 
ability to present them in a conveniently 
observed inanner are not always compatible. 

A principal purpose for a high-speed 
storage system in a general-purpose oscil- 
loscope, then, is to bring display conven- 
ience into greater agreement with display 
capabilities, preserving the unexpected wave- 
form for as long as may be required to 
note down its significant characteristics and 
dimensions — or long enough to find a cam- 
era, requisition some film, and make a per- 
manent photographic record. 

For the most part, the purposes of a 
storage oscilloscope can be served by a con- 
ventional oscilloscope, a camera, and film — 
lots of film. The usefulness of a storage 
oscilloscope, then, is primarily one of de- 
gree rather than one of kind; one of con- 
venience rather than one of unique capa- 
bility. Even so, anyone who has attempted 
to photo- record carefully-prepared multiple- 
exposure of an elaborate series of wave- 
forms, only to find that he’d already used 
the last exposure on his roll of film, needs 
no reminder that even a small improvement 
in tlie degree of assurance that critical data 
to be recorded has been recorded can be of 
considerable value. 

In the notes below, we have outlined 
some of the ways in which the storage 
feature can be put to work in obtaining 
more useful and convenient oscilloscope 
displays for viewing or for simplified wave- 
form photography. 



GENERAL APPLICATION AREAS 

The three primary uses for storage in a 
general-purpo.se oscilloscope are : 

(1) To retain waveforms of single events 
which cannot be repeated — or which, if re- 
peated, may change significantly with each 
repetition. 



(2) To allow direct comparison by simul- 
taneous display of events happening at 
different times, or of related repetitive 
events observed at various different points 
in a .system or by means of different trans- 
ducers. 



(3) To retain information from very 
slow-moving traces — such as those from 
low repetition -rate sampling systems or 
high- resolution spectrum analyzer.s — until 
the entire display may be observed. 



SPECIFIC APPLICATION AREAS 
Non re petit he Even fs 

Recording of random transients is the 
most familiar application in this area, since 
the storage oscilloscope may be left un- 
attended for extended periods waiting to be 
triggered from an intermittent or random 
event. Within this category of applications 
arc also destructive testing or testing to 
near yield-limits where repeated testing may 
change tlie characteristics of the device un- 
der test, and measurements of phenomena 
where a number of “mis-fires” may be 
expected before a satisfactory (e.g., worst- 
case) waveform may be obtained. Much 
testing in the mechanical and electro- 
mechanical fields falls into the non-repeti- 
tive area. 



1. Transistor Beta Characteristic Above 
Power Rating 

Using an operational amplifier to dif- 
ferentiate the collector output waveform of 
a grounded -emit ter transistor driven by a 
linear ramp of current provides an output 
voltage proportional to the low-frequency 
AC beta of the transistor for a given col- 
lector load resistor. Plotting dVc/dt against 
Vc gives a continuous plot of beta varia- 
tion along the given load-line from cutoff 
to saturation if a sufficiently large base- 
current ramp is availableb Plotting dVc/dt 
against U gives a direct indication of large- 
signal output linearity over the range en- 
compassed by the current ramp. 

Combining tliis measurement technique 
with the capal)ility of completing and pre- 
serving a useful display in less than a milli- 
second on a storage oscilloscope permits 
convenient determination of characteristics 
at many times the nominal maximum steady- 
state collector-dissipation rating of the 
transistor, and without significant shifts 
in beta due to large changes in junction 
temperature. 

A simple circuit configuration providing 
a linear base- cur rent ramp of up to 5 mA 
peak for NPN transistors is shown in 
Fig. 1, For low-beta or high-power tran- 




GRIO 



Fig. 1. Test circuit for plotting vs k, Vc for 
NPN transistor. Differentiation Vc when lb is 
a linear ramp produces a voltage proportional 
to 1 ^. Capacitor Cc (^0.01 C) corrects for 
overshoot in differentiator. 



sistors, a power amplifier or external ramp 
source is required to obtain the necessary 
linearity ; for PNP types, an inverting 
amplifier with output voltage swing capa- 
bilities Veb must be used to provide the 
base-drive current ramp. 

Direct calibration of the oscilloscope ver- 
tical amplifier in terms of beta per centi- 
meter is as follows : 

^ (Volts/cm) (Rbb) 

p/cm _ (R^Ci) (Ramp dV7dtT"""~ 

Rbb is the constant-current series resistor 
in the base drive circuit. Ramp dV /dt may 
be measured at the Vbb test point using the 
internal time-base displa}-'. Rl is the col- 
lector load resistance, and Rf and Ci are 
the differentiating components of the oper- 
ational amplifier. A quick check of calibra- 
tion may be obtained by removing the tran- 
sistor and shorting together the base and 
collector terminals of the socket. A beta 
of — 1 should be indicated in the display. 

Figure 2 shows beta variation of a Type 
2 N 1 308 150 m W ge r m an i um t r an s i s to r f o r 
a 50-fi load line and a Vec of 20 V. Peak 
dissipation is 2W at U 200 mV, Vc 10 V. 

Using this circuit, families of curves 
for a given transistor may be displayed on 
the storage oscilloscope for (a) various 
collector load values (changing V/cm or 
Rs with Rl to hold the p/cm value con- 
stant), (b) various Vec values, or (c) vari- 
ous temperature values, using external 
heating and monitoring equipment and trig- 
gering a single display as the temperature 
passes through each desired point. This type 
of application properly belongs to the second 
category below, direct comparison of events 
happening at different times. A waveform 
photograph illustrating (b) is .shown in 
application 4. 
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Fig. 2. Plot of ^ for 2N1308 transistor versus 
Vc, ic for Vcc = 20 V, R, z= 50 9., Vbb 0 - 
120 V, Rbb 24 k. Vertical calibration ij3) 100/ 
cm; horizontal, 2 V/cm, 40 mA/cm. Peak ^ 
of ^600 is close to avalanche region for tran- 
sistor. (Type 549 Oscilloscope, Type O Plug- 
In.) 



2. Transformer Inrush Current and Ef- 
fects on Stmtehes 

A major cause of AC power-switch fail- 
ures in transformer-powered equipment is 
the so-called inrush current occurring dur- 
ing turn-on. A combination of four con- 
ditions establishes the magnitude of peak 
inrush current for a given turn-on : (a) the 

h 3 ^steresis of the transformer core material, 
(b) the phase angle of the AC power 
source at the instant of last turn-off, (c) 
the phase angle of the power source at the 
instant of turn-on and (d) the impedance of 
the input power loop, including the DC re- 
sistance of the transformer primar^^ In 
the worst case, inrush current amounts to 
essentially' the peak power-line voltage 
divided by' the DC resistance of the trans- 
former primary' circuit. 

Where inrush currents alone are to be 
routinely measured, test- sets employing sili- 
con controlled rectifiers and power diodes 
provide a means of providing a worst -case 
condition for each turn-on. 

Where the frequency of usage does not 
justify specialized test equipment, or where 
the effects of inrush currents on the switch 
itself during the closure process are to be 
evaluated, the storage oscilloscope (with a 
suitable differential input amplifier and 
probe arrangement) permits observation of 
hundreds of turn-ons with minimum incon- 
venience or film waste, but with full as- 
surance that permanent records may be 
kept of any' turn-on waveform containing 
information of value. 

Figures 3 and 4 show the test circuit for 
measurement of inrush current, and a typi- 



cal waveform obtained by these means. A 
current transformer used instead of probes 
and a resistive shunt would allow use of a 
single -ended oscilloscope input. But the low- 
frequency response requirements to repro- 
duce accurately the current waveforms of 
a transformer in a ty’pical capacitor-input 
semiconductor power supply — for example — 
having a very small conducting angle and 
virtually no load for a large part of the 
cy'cle, are sometimes difficult to achieve and 
verify in a current transformer that will 
also give adequate indication of momentary 
peak currents in the 50 to 100 ampere re- 
gion. 




Fig. 3. Observation of inrush current using 
high-speed storage oscilloscope v/ith differential 
input and differential probes. Ri, Pi, P^ may be 
replaced with suitable wideband current trans- 
former. 




Fig. 4. Inrush current in nominal 1 20 V, 240 W 
system (upper trace) compared with current 
waveform after warmup. Vertical: 10 A/cm; 

Horizontal, lOms/cm. (Type 549 Oscilloscope, 
Type W Preamplifier.) 



Figures 5 and 6 show the test circuit and 
typical results in measuring the potential 
drop across a switch in the process of clos- 
ing a 60-Hz transformer primary' circuit. 



The display' is obtained by' triggering the 
oscilloscope from the inrush current signal. 
Good overload recovery characteristics in 
the input amplifier are essential for this 
measurement, as the full line voltage is im- 
pressed across the probes until the switch 
has closed. 




Fig. 5. Observation of switch closure character- 
istic during inrush. Current transformer 1 :50:50 
provides trigger for either polarity inrush. 
Switching “low” side of line makes amplifier 
requirements less critical. 




Fig. 6. Potential across switch contacts during 
inrush (upper trace) and after warmup. Ver- 
tical, 200 mV/cm; horizontal, lOms/cm. (Type 
549 Oscilloscope, Type W Preamplifier.) 



Direct Comparison of Events Happening 
at Different Times 

Multiple-beam and multiple-trace oscillo- 
scopes are designed to facilitate the direct 
comi)arison of events happening at the same, 
or very nearly the same time. The storage 
oscilloscope extends this capability to events 
happening at quite different times or at test 
points that are not conveniently close to- 
gether. 



3. Speech Therapy for the Deaf 

A microphone, a storage oscilloscope, and 
suitable filters emphasizing the significant 
parts of word and syllable waveforms allow 
the student to practice vowels, syllables or 
words, with direct visual comparison of the 
subtle harmonic phase shifts which convey 
speech intelligence, against his instructor’s 
standard waveform stored on the screen. 
The split storage target permits continuous 
trial-and-error operation on one half of the 
screen without losing the reference wave- 
form on the other. 
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Fig. 7. Stored single-sweep waveforms of speech 
sounds aid in speech therapy. Upper trace: 
the word “reed”. Lower trace; the v/ord “red”. 
Release of the ”d” sound is offscreen to the 
right. Waveforms are somewhat distorted due 
to poor room acoustics. Sv/eep, 30ms/cm. 
(Type 564 storage oscilloscope, Type 3A3 
vertical amplifier set for 5 kHz bandwidth.) 

In Figure 7, waveforms representing the 
pronunciation of the words “reed” and “red” 
are compared, using a 5 -kHz bandpass filter. 
More elaborate normalizing systems may be 
employed in actual therapy work. 

4. Comparing the Effects of Circuit Ad- 
just in ents 

A record of the effects of a series of 
adjustments or substitutions is often of 
value in circuit or component work. An 
illustration (Fig. 8) is the effect of chang- 
ing collector supply voltage Vec in applica- 
tion 1, showing the beta range for a given 
collector load resistance for four values 
of Vco 




Fig. 8. Comparison of waveforms under vari- 
ant operating conditions. Type 2N1308 tran- 
sistor beta vs Vc, I- as in Figs. 1 and 2, but 
Vcc of 20, 15, 10 and 5 V. Vertical calibra- 
tion ifj), 100/cm. 

Preservation of Complete Sloiv Displays 

The problem of retrieving data from os- 
cilloscope displays of slow- rate information 
can result in loss of information either be- 
cause the beginning of the slow trace is 
forgotten when the display is finished, or 
the display is deliberately completed at a 
faster than optimum rate, resulting in loss 



of information in the display itself. 

5. Sampling System at Lozv Signal Repe- 
tition Rates 




Fig. 9. Use of storage oscilloscope and manual 
scan feature of sampling system to obtain op- 
timized dot density where needed. Upper trace, 
10 dots/cm. Lower trace, manual scan. Fill-in 
required about 10 seconds with 1 00 Hz sam- 
pling rate, but provided same detail as >1000 
dots/cm requiring >1.5 minute sweep. {Type 
564 oscilloscope. Type 3T77 time base.) 

The Upper trace of Fig. 9 illustrates a 
case of possible information loss when a 
sampling oscilloscope dot density setting is 
in.siifficient to resolve all the significant 
data. In this particular case, the signal rep- 
etition rate was 100 Hz, completing the dis- 
play shown (100 samples) in 1 second, but 
with a serious loss of information in the 
leading edge which occurred “between dots”, 
so to speak. The alternative of increasing- 
dot density to 1000 dots/cm to obtain the 
necessary resolution would have required 
over 1.5 minutes to complete the display. 

The problem was solved in the lower trace 
by storing the low dot -density trace, and 
then using the manual scan of the sampling 
system to increase dot density only at the 
points where needed, completing the display 
in minimum time, and revealing the 70% 
overshoot which was hidden in the first 
trace. Whether with manual scan or in- 
ternally-controlled high dot-density, the stor- 
age oscilloscope facilitates retrieval of high- 
resolution waveform information even from 
very slow-repetition-rate events from sam- 
pling systems. 



6. f-Iigh Resolution Displays from Spec- 
trum Analyc;ers 

The maximum sensitivity and resolution 
of a spectrum analyzer are achieved only 
when the dispersion (frequency sweep) 
df/dt is made to be very small. For normal 
viewing, in order to obtain a useful repeti- 
tive display, it’s usually necessary either to 
confine the dispersion to a very narrow 
value, or keep the resolution low in order 
to maintain reasonable sensitivity and a 
usable display repetition rate. 
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Fig. 10. Effects of df/dt on high-resolution 
spectrum analysis. Dispersion of 1 0 kHz, reso- 
lution 1 kHz. Sweep rates are: Upper trace, 

20 ms/cm {50kHz/s}; middle trace, 200 ms/ 
cm (5 kHz/s) ; lower trace, 2 s/cm (500 Hz/s). 
Signal is second harmonic of 5 MHz carrier 
modulated by 1 kHz squarewave (Type 549 
Oscilloscope, Type LIOA/ILIO Plug-in Spec- 
trum Analyzer). 

Figure 10 illustrates the effect of df/dt 
sweep rate on sensitivity and resolution in 
a representative spectrum analyzer applica- 
tion. Observing the second harmonic of a 
5-MHz carrier modulated by a 1-kHz 
squarewave, a sweep of 10 kHz in 200 ms 
with a nominal 1-kHz resolution (top trace) 
produces only a hint of the signal and pos- 
sible sidebands. Holding the same disper- 
sion and resolution but reducing the sweep 
rate to 200 ms/cm (5 kHz/s) begins to re- 
veal the true nature of the signal. In the 
bottom trace, reducing the sweep to 500 
Hz/s provides sufficient resolution to iden- 
tify the modulating signal as a squarewave. 
Time required to complete this 10 kHz 
sweep was 20 s. The advantage of the stor- 
age tube in preserving the entire display 
becomes evident. 

SUMMARY 

Applications making best use of the capa- 
bilities of a storage oscilloscope are those 
involving (a) non-recurrent waveforms, 
(b) comparison of waveforms of non- 
si mult an ecus events and (c) displays requir- 
ing several seconds for completion. Within 
the writing speed limitations of the instru- 
ment used, the storage feature may be 
used as a substitute for, or as an aid to, 
oscilloscope photography. Representative ap- 
plications in these areas are : plotting tran- 
sistor beta above nominal power rating; 
measurement of transformer inrush current 
and its effect on power switches; compari- 
son of human speech waveforms; and im- 
I^roving resolution of sampling oscilloscope 
and spectrum analyzer displays. 

Photographic Note: Waveform photo- 

graphs reproduced here were taken with 
Polaroid® No. 47 film, using an exposure 
of 1/5 s at f/5.6, except Figs. 7 and 9, which 
were taken at 1/2 s, f/11. 

\Iohn V. McMillin, “Simple Curve-Tracer 
Displays Transistor Beta” Electronics, Au- 
gust 24, 1962. 
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'ry 564 storage oscillo- 
scopes REMOTE ERASE FEA- 

'rUR]5 

This modification provides an exterrial 
Remote-Erase feature for the Type 564 
Storage Oscilloscope. 

It installs a circuit assembly which con- 
tains two monostable multivibrators — one 
for the Upper display area and one for the 
Lower display area. When activated from 
either the front panel Erase controls or the 
Remote- Source Erase controls these mult is 
erase their respective display areas. The 
Remote-Source Erase control can be an>- 
switch contact that can short a wire from 
the Type 564 to ground or any equipment 
that can provide a negative-going 5 -to- 10 
volt pulse for the multi of each display- 
area. 

The external connections are brought out 
to a four-contact connector on the rear of 
the Type 564 and a mating connector is in- 
cluded to permit attachment of the Remote- 
Erase control. 

This modification applies to Type 564 
Storage Oscilloscopes, all serial numbers. 
Order through your local Tektronix Field 
Engineer or Field Office. Specify Tek- 
tronix part number 040-0352-01. 

P510 CATHODE-FOLIA)\\45R PROBI5 
--•-PROBE REPAIR KIT 

This modification kit contains the parts 
necessary to repair several P510A Cathode- 
Follower Probes. The instructions are 
divided into sections, so that any individual 
portion of the probe can be repaired. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify Tektronix part 
number 040-0287-01. 

TV 145 531, 'BYPE 535, TYPE 541 AND 
T3‘PE 545 OSC]LLOSCOPES~---CH 
PI XG-TR ANSIENT BLANK 1 XG 

Installation of this modification supplies 
a means of applying a blanking voltage, to 
the cathode of the oscilloscope CRT, to 
eliminate switching transients from the dis- 
play. These transients will occur when a 
multiple- trace plug-in unit — installed in the 
oscilloscope — is operated in its chopped 
mode. The blanking voltage is applied by- 
act i vat in g a switch installed on the rear 
panel of the oscilloscope. 

The modification involves the changing of 
V78 tube socket to a 9- pin type and adding 
a CRT CATHODE SELECTOR .switch to 
the rear ixmel. Also, V78, a 6AU6 vacuum 



tube, operating as a Multi-Trace Unit’s 
Sync Amplifier in the oscilloscope, is 
changed to a 6DJ8. One half of the 6DJ8 
is used as the Sync Amplifier and the other 
half is used to generate the blanking volt- 
age. 

This information applies to Type 531, 
Type 535, Type 541, and Type 545 Oscillo- 
scopes, serial numbers 101 to 20,000 and to 
all Rack Mount instruments in these types 
with serial numbers 101 to 1000. 

Order from your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify Tektronix part 
number 040-0403-00. 

4'5:1:45 532 AND TYPE RM32 OSCTLI.O- 
SCOPES SW^EEF^ l.OCKOUT 

Your Type 532 or Type RM32 Oscillo- 
scope can be modified for the study of 
one-shot phenomena by installation of this 
kit. 

The Sweep Lockout feature permits y-ou 
to “arm” the sweep to fire on the next 
trigger to arrive. After firing once tlie 
sweep is locked out and cannot fire again 
until rearmed by pressing the RESET but- 
ton. All original features of the instru- 
ment are retained. 

Order tlirough your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify Tektronix part 
number 040-0147-00. 

'BYI^E 453 0SC1LL0SC0145----P0RTA- 
IBJ5-T0-RACKM:0I.-X1' C0N\G5R.ST0X 

This modification supplies the necessary- 
mechanical components and liardware to 
securely^ rackmount the Tyqre 453 Portable 
Oscilloscope. 

-A special feature of this kit is the Rack- 
mount Rear Support assembly. A Ty|)e 
453 correctly installed as a rackmount and 
using the Rear Support assembly will suc- 
cessfully withstand an environmental shock 
of 30 G’s or vibration of 4 G’s. This can 
be an important consideration for Tyi)c 
453’s installed in mobile or shipboard units 
and in aircraft. 

-A frame, assembled from components and 
hardware in the modification kit, allows the 
oscilloscope to be mounted in a standard 
1 9" open or closed relay rack, or slide out 
t racks. 

Order through y'our local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distrilnitor. Specify^ Tektronix part 
number 040-0420-00. 



TYPE 526 \G5CTORSCOP]5 QUIET 
FAX MOTOR 

This modification installs a lower r/min 
fan motor assembly to reduce tlie audio 
noise-level of the fan motor assembly. The 
new fan motor assembly is a direct re- 
placement except for the addition of a motor 
capacitor, which requires the drilling of 
two 5/36 inch lioles in the rear panel of 
the Type 526. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify Tektronix part 
number 040-0412-00. 

OSCIIFLOSCOI^E CRADIBE A40UNT 

This modification enables the Tektronix 
Oscilloscopes listed below to be rack-mount- 
ed in a standard 19" relay rack. Required 
vertical front- pan el space is 17^2 inches. 

The modification is applicable to the fol- 
lowing oscilloscopes: Types 524 AD, 531, 

532, 541, 545, and 570, serial numbers 5001 
and up; also. Types 531 A, 533, 533A, 535 A, 
536, 541A, 543, 543A, 543B, 544, 545A, 
545B, 546, 547, 575, 581, 581A, 585, 58SA, 
and 661. all serial numbers. 

Order through your local Tektronix Field 
Office, I'ield Engineer, Field Representa- 
tive or Distributor. Specify Tektronix part 
number 040-0287-00. 

DC FAX AfOTOR FOR LISTED OS- 
CILLOSCOPES 

This modification enables the oscilloscopes 
listed below to operate on 50- to 400-cycle 
power lines. It installs a DC fan motor, 
a thermal time- del ay relay, and a DC power 
supply relay. 

The modification is applicable to the 
following instruments : 

TYPE SERIAL NUMBER 

531A 20001-22073 

535A 20001-24349 

541A 20001-21454 

545A 20001-27729 

RM31A 1001-1579 

RM35A 1001-1850 

RM41A 1001-1189 

RM45A 1001-1892 

(Please note: If y'Our instrument has the 
DC Relay Modification Kit 040-258 in- 
stalled, use Field Modification Kit 040- 
0233-00.) 

Order through your local Tektronix Field 
Office, F'ield Engineer, Field Representa- 
tive or Distributor. Specify' Tektronix part 
number 040-0231-00. 
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TUNNEL DIODE SWITCHING CIRCUITS 
Am> THE BACK DIODE 



By The Marketing Technical Training Department 
Tektronix, Inc. 

The concepts discussed in this article should lead to a better understanding 
of tunnel-diode switching circuits. It discusses in particular, the effect of a 
rather nezv component on tunncTdiode switching circuits — the back diode. 

Several Tektronix sampling instruments incorporate the tunnel diode-back 
diode concept in their trigger recognition circuitry. Examples of these instru- 
ments are: the Type STTTrogranimable Sampling Unit, Type 3T77 and Type 
3T77 A Sampling Time Base PhigTn Units, Type ISl Sampling Unit , Type 1S2 
Reficctometer and Sampling Unit, and Type 5T1A. and Type 5T3 Tm^ 
Plug-In Units. 




Part I 

Tunnel-diode switching circuits are widel}’ 
used today in a variety of measuring and 
signal-generating eciuipment. For example: 
Tunnel-diode circuits are used for trigger 
recognition in sampling oscilloscopes, and 
wide-band conventional oscilloscopes, for 
gating sweep circuits and for generating 
fast-rise pulses. Some desirable features of 
tunnel-diode switching circuits are: 
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1. Fast switching speed. 

2. Maximum obtainable pulse amplitude. \ 

3. High sensitivity to triggering signals / 

over a wide frequency range. / 

: 4. Low “idle” power dissipation. 

Tunnel-diode circuit elements are combined 
to fulfill the above needs. One of these 
elements, the BACK DIODE, is responsible 
for improved performance in the areas of 



switching speed, sensitivity, and “idle” power 
dissipation. 

This article is concerned with the theory, 
function and application of the back diode, 
in relation to tunnel-diode switching circuits. 
The first half of this article develops the 
need for such a device; the second half 
examines back-diode theory and discusses 
the function and applications of this unique 
diode to tunnel-diode switching circuits. 




Figure 1 Typical Sampling Trigger Circuit. 




Figure 2 (A) Basic tunnel-diode switch circuit for bi-stable operation. 

(B) AC and DC load lines superimposed on a 10-mA curve of the tunnel diode in 
Figure 2, (A). 



TYPICAL SAMPLING TRIGGER 
CIRCUIT 

A basic sampling trigger circuit is shown 
in Figure 1. Qi is used to provide isolation 
between input and output. The back diode 
(D 2 ), tunnel diode (Di), and inductance 
(Li) form a one-shot multivibrator for 
t rigger recognition. Synchronization on in- 
put signals is achieved by free- running this 
multivibrator. 

The following discussion will develop this 
circuit and its related components. The em- 
phasis will be on the function and operation 
of the back diode as a circuit element. 

In order to understand the operation of 
the back diode, let us consider a few basic 
circuits. Figure 2 shows a basic tunnel- 
diode (TO) switch. 

BISTABLE OPERATION 

A 20- V supply and a resistance, Ri, of 
2.5 kn biases the TD at 8 mA. The DC 
load line is the solid line in Figure 2B. If 
the TD is in the low-voltage state, a 2-mA 
signal will cause the load line to move up 
toward the peak current point of the TD 
(dashed, or AC, load line in Figure 2B). 
The voltage across the TD increases along 
the slope of the TD curve at point “a”. 
When the TD current reaches 10mA (Ip), 
the voltage drop across the TD jumps al- 
most instantly to the voltage at point “b”. 
When the 2-mA signal is completed, the 
load line returns to its original mA posi- 
tion on the TD curve (point “c”). Notice 
that the TD does not returii to the low- 
voltage state. 



MONOSTABLE OPERATION 

The TD must return to the low -voltage 
state to respond to the next trigger signal. 
One way to insure that the TD always 
returns to the low- voltage state after a 
trigger occurs is to use a ver\- small series 
R and a low voltage source. See Figure 3. 

The 50-R series resistor will drop 0.4 
volts at 8 mA. The TD will drop 0.03 



volts at 8 mA, therefore the supply voltage 
will have to be 0.43 volts to put the quies- 
cent point at “a” on the DC load line. The 
low impedance gives much more slope to 
the load line. When a 2-mA input signal 



arrives, the TD will switch to the high- 
voltage state. When the input signal ends, 
the load line drops below the switching point 
at “b” and TD reverts to the low- voltage 
state. The steep slope of the load line makes 
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Figure 3 (A) Basic tunnel diode switch for monostable operation. 

(B) AC and DC load lines superimposed on a 10-mA curve of the tunnel diode in 
Figure 3, ( A) . 



tlie output voltage in Figure 3 less than the 
output voltage of the circuit in Figure 2. 
The duration of the output signal is the 
same as the input signal, resulting in mono- 
stable operation. 
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Figure 4 



Figure 4 shows another method of ob- 
taining the low impedance load described 
in the previous paragraph. This circuit has 
the same characteristics as the circuit in 
Figure 3 except : 

1. A higher source voltage can be used. 

2. Some additional current must be pro- 
vided through Ri to satisf}^ the needs 
of R,. 

3. Some additional signal current is need- 
ed to drive the shunt resistance of R-. 

A method of increasing the output volt- 
age and switching speed is shown in Figure 
5A. The coil provides a very flat load line 
during switching time (shown as dashed 
line in Figure SB) because of the high im- 
pedance of the coil at the switching speed 
of the TD. Note the increase in the volt- 




Figure 5 (A) Another version of a monostable tunnel-diode switching circuit. The coil, ti, helps 
to increase the output voltage and switching speed. 

(B) AC and DC load lines superimposed on a 10-mA curve of the tunnel diode in 
Figure 5 , (A). 



age excursion. Switching speed is increased 
because current which would have otherwise 
passed through R> is now available to charge 
the capacitance of the TD. This circuit is 
monostable if the load line is steep enough 
to cross only one positive slope of the TD 
curve. The slope of the load line depends 
primarily on the value of R2. The width 
of the output pulse is controlled mainly by 
the L/R time of the circuit, where L is the 
inductance of Li and R is the resistance of 
R2 in series with the impedance of the TD. 
The impedance of the TD in the high-volt- 
age state is different from the impedance 
of the TD in the low -voltage state. 



OSCILLATOR OPERATION 

Circuit operation as an oscillator is also 
possible. Figure 6 shows the addition of 
R:i, a bias control. Resistor values are cho- 
sen to place the TD near its current peak 
(low-voltage state) wlien R3 is in the cen- 
ter of its range. 

Tf the resistance of R.i is reduced, more 
current flows from the — 20-V suppl}^ and 
less current flows through the TD — the TD 
will now be biased at some point below 
peak current (as indicated by the dashed 
line paralleling the R- 25-U line in Figure 
6 (B). Tf the resistance of R^ is increased 
(reducing the current through Rs), more 
current will flow through the TD — if this 
current exceeds 10 mA, the TD will switch 
to its high-voltage state, along the dashed 
load line to point “a”.* If the DC load line 
produced hy R-j intersects the lower nega- 
tive resistance portion of the TD curve 
(point “b”, Figure 6), the TD will auto- 
matically switch back to its low-voltage 
state. The effective load line will change 
from a high impedance (point “a") to a low 
impedance (point “b”). This change will 
take place at an L/R rate — ^when point “b” 
is reached, the TD will revert to a posi- 
tion on the DC load line, as determined by 
R:i. If this load line places the TD current 
above 10 mA, the circuit will oscillate. 



CIRCUIT ANALYSIS 



The tunnel diode and the resistor, Ro, 
in Figure 6 A can be considered as parallel 
elements. Let us assume a value of 25 12 
for Ro. Figure 7 shows a 25-12 resistance 
plot superimposed on a 10-mA TD curve. 
The instantaneous current of each element 
can be found by drawing a perpendicular 
line at the voltage point of interest — for 
instance, at about 80 mV, the TD is close 
to its peak current state at 10 m A. The 
current through the resistor, R-, with an 
80-mV drop will be: 



^ _ E _ 80 x 10-^ 

^ ~ R 25 



3.2 mA. 
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+20V 




(A) 



The +20- V supply must therefore fur- 
nish 13.2 mA to the TD-R-y combination 
through Ri. 

When a small positive- going signal is 
applied to the circuit in Figure 6, the TD 
switches to its high-voltage state. Because 
the coil provides a fairly flat load line 
(shown by the dashed line in Figure 6B), 
the output voltage will be a little greater 
than 0.5 volts. After the L/R time the DC 
load line will become effective and deter- 




(B) 



mine the current distribution through the 
TD-R.! combination. The total current sup- 
plied to the circuit via the current control 
resistor, R,, is about 13.2 mA. As the L/R 
time constant decays a greater voltage drop 
will appear across R-j. When this voltage 
drop reaches ~300 mV, the current through 
the 25-S2 resistor will be about 12 mA — as 
the total current supplied to the circuit is 
13.2 mA, only 1.2 mA will be available to 
the TD. At this current-voltage point the 




Figure 7 25-U resistance plot on a 10-mA 
tunnel-diode curve. 



TD will switch back to its low -voltage 
state. When the circuit is at “idle” — near 
its current peak, the voltage across the 
TD-R-j combination will be about 80 mV, 
and about 3.2 mA will be “lost” in the re- 
sistor, R-j. 

The best component available to replace 
R-J is a back diode. The back diode is 
simply a tunnel diode that is usually selected 
for its reverse conduction characteristics. 

Editor’s Note : This concludes the first half 
of this article. The theory, function and 
application of the back diode to tunnel- 
diode switching circuits will be taken up 
in the next (August) i.s.sue of SERVICE 
SCOPE. 



Figure 6 (A) The addition of a variable resistor, R;), enables the circuit shown in Figure 5, 
(A), to operate as an oscillator. 

(B) AC and DC load lines superimposed on a 10-mA curve of the diode shown in 
Figure 6, (A). 



MORE ON TEKmOMX-PRODUCED fSLMS 



We have experienced a tremendous re- 
sponse to our announcement in the February, 
1966, issue of SERVICE SCOPE on the 
availabilit}' of Tektronix-produced films. 
The requests by our readers for the use of 
these films have exceeded our wildest expec- 
tations and sorely taxed our ability to 
promptly supply the films. 

We are filling all requests on a first-come, 
first-served basis and earnestly solicit your 
patience and understanding if we fail to sup- 
ply the wanted film promptly. All requests 



Here are some additional articles, au- 
thored by Tektronix personnel, that have 
appeared in recent issues of trade publica- 
tions. Listed along with the author’s name 
and the title of the article is the magazine 
and the month of issue in which the article 
appeared. Also included is a thumb-nail 
sketch of the article’s content. 

Local Tektronix Field Offices, or your 
Tektronix Field Engineer, Field Representa- 
tive or Distributor can supply you with 



from qualified sources will be honored; but, 
there may be a delay of several weeks in 
supplying some of the more popular films. 

A new Tektronix-produced film is now 
available to schools or to companies engaged 
in educational or training programs for their 
employees. This film like the previously 
announced ones may be obtained on a free 
loan basis, or may be purchased. Title of 
the new film is ‘Transreskstance”. It is a 
lecture-type film that offers an explanation 
of the t ran s resistance method of analyzing 



THE READER^S CORNER 

reprints of these articles. 

“Differential Comparator Extends Mea- 
surement Accuracy,” by John J. Horn, De- 
sign Engineer. Electronic Design, October 
25, 1965. A discussion of how a differential 
comparator can refine oscilloscope voltage- 
amplitude measurements for either DC or 
pulse signals. 

“Advances in Storage Oscilloscopes,” by 
Donald C. Calnon, Project Engineer. Elec- 
tronic Industries February, 1966. Discusses 



transistorized circuitry. (An article in the 
December, 1964, issue of SERVICE 
SCOPE, “Simplifying Transistor Linear- 
Amplifier Analysis” discussed transresis- 
tance as an aid in troubleshooting or evalu- 
ating transistor circuits.) Audiences for 
this film should have a sound basic know- 
ledge of transistor theory and terminology. 

People interested in showing these films 
.should contact their local Tektronix Field 
Office, Field Engineer, Field Representative, 
or Distributor. 



state-of-the-art storage tubes and the more 
versatile oscilloscope they make possible. 
Some terminology is defined. 

“The Sampling Oscilloscope: A Nanosec- 
ond Measurement Tool,” from information 
supplied by Tektronix, Inc, The 1965 Test 
Instrument Reference Issue (A Cahners 
publication). Tells how the sampling oscil- 
loscope displaj’S high speed phenomena. Ex- 
plains how it buys sensitivity at the expense 
of time. 
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AN INSULATED EXTENDER FOR A 
PROBE’S RETRACTABLE-HOOK TIP 

Here is a “do-it-yourself” project you 
may want to try. This insulated extender 
for a probe’s retractable-hook tip can be 
made from an ordinary paper clip and two 
pieces of insulation or “spaghetti”. It makes 
a handy extension for reaching into those 
hard-to-get-at places when trouble shooting 
or checking circuits. 




Figure 1. Progressive steps in forming the 
retractable-hook tip extender. 

Figure 1 shows the steps in forming the 
extender. A. Start with an ordinary paper 
dip. B. Straighten the outside wire. C. 
Bend the inside wire to leave a crook. D. 
Bend the longer wire to form a right angle 
to the short wire and slip two pieces of in- 
sulation over the wire leaving the crook bare. 
E. With the retractable-hook tip, grip the 
partially formed extender at the crook and 
wrap the longer insulated portion around 
the shaft of the retractable-hook trip to 
form a one turn coil. Figure 2 shows a 
probe with the retractable-hook tip grip- 
ping the completed extender. 

The extender will offer no problems when 
used with oscilloscopes having bandpass capa- 
bilities of up to 50 MHz. We do not recom- 
mend the use of the extender with the Type 




Figure 2. Completed insulated extender In 
position on a retractable-hook tip. 



580 Series Oscilloscope and the P6008 combi- 
nation. With this combination, when investi- 
gating high frequency signal, the probe 
ground strap must be kept as short as pos- 
sible for best results. A probe ground strap 
in excess of three inches will cause objec- 
tionable ringing. An extender and hook tip 
combination on the probe requires that the 
probe ground strap be at least 5" inches in 
length. 

Our thanks for this idea go to a member 
of our Instruction Manuals Group, Keith 
Morrill, who developed the extender and 
brought it to our attention. 



SOLDERING FLUX OR SOLDER RE- 
SIST ON ETC H ED-C I R CU I T-C A RD 

CONNECTOR TABS 

Incompletely removed soldering flux or, 
more rarely solder resist, can cause poor 
contact between the connector tabs on etched 
circuit cards and the connector sockets into 
which the tabs fit. Soldering flux can be 
removCKi with Socal, Fotocal (denatured 
alcohol), Freon, or Chlorothene. Use a Q- 
tip to apply the cleaner. 

Solder resist which is more tenacious 
may require a light abrasive, such as a lead 
pencil eraser, for complete removal. Use 
the eraser very lightly. The connector tabs 
and connector sockets for Tektronix etched- 
circuit cards are gold plated to assure a 
minimum of contact resistance. Care must 
be taken not to remove this plating. 



CRT MESH LIGHT FILTER AND RFT 
SHIELD-PART NUMBER CORREC- 
TION 

In the February, 1966, issue of SERVICE 
SCOPE we announced a new CRT Mesh 
Light Filter and RFI Shield. We included 
a list of oscilloscopes plus the part numbers 
of the particular filter-shield the instrument 
would accept. 

We have since discovered several errors 
in that list. Also, we now have a model to 
fit the Tj^pe 321A Oscilloscope. 



Here is the corrected list : 



TYPE 

321A 

422 

453 



PART NUMBER 
378-0577-00 
378-0571-00 
378-0573-00 



All Tektronix oscilloscopes 
with 5" round CRT’s 378-0572-00 

506, 527, 529, and 561A 378-0575-00 

647 378-0574-00 



TRANSISTOR FAILURE IN HYBRID 
CIRCUITS 



When an otherwise unexplainable transis- 
tor failure occurs in a hybrid circuit, it 
pays to consider, as a probable cause, an in- 
termittent short in what appears to be a per- 
fectly good vacuum tube. There have been 
instances where failure of a transistor 
located in the grid circuit of a vacuum has 
been traced to intermittent arc-over in the 
tube. Frame-grid tubes such as the 6DJ8 
are particularly prone to this type of fail- 
ure; but, they are by no means the only 
offenders. Normally a grid-wire breaking 
and shorting to the plate will wipe out the 
tube. There have been some, however, where 
the short has “healed” itself after passing 
enough current to destroy an associated 
transistor. 



DUST REMOVAL AND TEKTRONIX 
INSTRUMENTS 



In all Tektronix instruments using forced- 
air ventilation, the air entering the instru- 
ment is filtered. Nevertheless, some dust 
will eventually penetrate into the interior. 
This dust should be removed occasionally 
due to its conductivity under high humid 
conditions. The best way to clean the in- 
terior is to first carefully vacuum all acces- 
sible areas. Next blow away the remaining 
dust with dry lotv- pressure compressed air. 
Avoid the use of high-velocity air which 
might damage some of the components. Re- 
move stubborn dirt with a small soft paint 
brush or a cloth dampened with a mild 
water-and -detergent solution. 

Pay special attention to high-voltage cir- 
cuits, including parts inside the high-voltage 
shield. Arcing in this area due to dust or 
other causes may produce false sweep trig- 
gering which in turn will cause an unstable 
CRT display. 

Don't neglect those instruments that do 
not use forced-air ventilation. Dust will 
collect in these instruments too. Its pres- 
ence will have the same effect on these 
instruments as in the case of forced-air 
ventilated equipment. The same removal 
procedure applies to both types of instru- 
ments. 

Air Filter — The air filter (too often one 
of the most neglected parts of an instru- 
ment) should be visually checked every few 





weeks and cleaned if dirty. Obviously, more 
frequent inspection and cleaning will be re- 
quired for those instruments located in areas 
with severe environmental conditions. 

Older Tektronix instruments use a metal 
mesh filter. Later instruments use a more 
recently developed plastic- foam material as 
the filter element. The following informa- 
tion applies to both types of filter material. 
To clean the filter, wash it out as you would 
a plastic sponge (swish metal mesh filters 
up and down and around). Use a mild 



warm water-and -deter gent solution. Rinse 
the filter thoroughly and let it dry. Coat 
the dry filter with fresh “Filter-Kote" 
or “Handi-Kote". (These products are avail- 
able from your local Research Products 
Company, and from some air-conditioner 
suppliers.) Let the filter dry thoroughly 
before reinstalling. 

The plastic-foam filter is quite a bit more 
efficient than the older metal -mesh filter. 
It can be used as a replacement on some of 
the Tektronix instruments that came equip- 



ped with metal -mesh filters. Here is a list 
of those instruments and the plastic- foam 
filter kit they will accept. 

TYPE REPLACEMENT KIT NO. 
541, 541A, 543A, 545, 545A, 

551*, 555* 050-0123-00 

175 050-0087-00 

1121, 123, 133 050-0148-00 

*This replacement kit is for the indicator 
unit only. Order replacement kit 050-0253 
-00 for the power supply unit of these 
instruments. 



NEW FIELD MODIFICATION KITS 



In the April issue of Service Scope, in 
this column, we typographically elevated the 
PSIOA Probe to the status of a Cathode Fol- 
lower Probe. A cathode follower it is not ! 
The P510A is a ten times probe that presents 
an input impedance of 10 megohms paral- 
leled by 14 pF. This probe has not been 
produced since 1959. It was, in its day, how- 
ever, a very popular probe and many are still 
in use, performing very well with the instru- 
ments for which they were designed. 

The Field Modification Kit 040-0287-01 
which was reviewed in this column last issue 
contains the parts necessary to repair several 
P510A Probes. 

OSCILLOSCOPE CRADLE MOUNT- 
INCORRECT PART NUMBER 

The correct part number for the Oscillo- 
scope Cradle Mount Modification Kit re- 
viewed in this column last issue is 040-0281- 
00. This is the modification kit that alters 
the following instruments to fit into a 
standard 19" relay rack: Type 524AD, 531, 
532, 535, 541, 545, and 570, serial numbers 
5001 and up; Types 531 A, 533, 533A, 535A, 
536, 541A, 543, 543A 543B, 544, 545A, 545B, 
546, 547, 575, 581, 581A, 585, 585A, and 661, 
all serial numbers. 

TYPE 532 AND TYPE RM32 OSCILLO- 
SCOPES— SILICON RECTIFIERS 

This modification replaces the selenium 
rectifiers in a Type 532 or Type RM32 
Oscilloscope with silicon rectifiers. Silicon 
rectifiers offer greater reliability and longer 
life. The modification is applicable to Type 
532 Oscilloscopes serial numbers 101 through 



6921 and Type RM32 Oscilloscopes, serial 
numbers 101 through 499. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix part 
number 040-0218-00. 



MAXIMUM INTENSITY MODIFICA- 
TION KIT— FOR LISTED OSCILLO- 
SCOPES 



This modification replaces the one meg- 
ohm INTENSITY potentiometer of the 
listed oscilloscopes with two two -megohm 
potentiometers in parallel. One potentio- 
meter serves as the front-panel INTEN- 
SITY control. The other serves as the 
MAXIMUM INTENSITY control and is 
screw-driver adjusted. With this arrange- 
ment, when observing phenomena at slow 
sweep speeds the MAXIMUM INTEN- 
SITY control can be adjusted to provide the 
best phosphor protection and prevent the 
CRT phosphor from burn damage. Or, 
when observing phenomena at the fastest 
sweep speeds, the MAXIMUM INTEN- 
SITY control can be adjusted to provide the 
best writing rate. 

The modification is applicable to the fol- 
lowing instruments, all serial numbers : 



Type 531 
Type 531 A 
Tn^e 532 
Type 533 
Type 533 A 



Type 535 
Type 535 A 
Type 541 
Type 541 A 



Type 543 
Type 543 A 
Type 545 
Type 545 A 



Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix part 
number 040-0159-00. 



TYPE 551 OSCILLOSCOPE— 12-kV 
HIGH-VOLTAGE TRANSFORMER 

This modification replaces the 10-kV 
High-Voltage transformer wdth a 12-kV 
transformer in Type 551 Oscilloscopes, all 
serial numbers. The increased high voltage 
offers greater trace intensity at the fastest 
sweep speeds. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix part 
number 040-0238-00. 

BLANK PLUG-TN UNITS 

Two modification kits supply the neces- 
sary “skeleton” parts (with assembly in- 
structions) to construct blank plug-in units. 
These units are intended to house circuitry 
of your own design to provide special-pur- 
pose plug-in units. 

Modification -kit instruction sheets list per- 
tinent electrical information so that the in- 
stalled circuitry may be designed to be com- 
patible to the oscilloscope for which the 
special-purpose plug-in unit is intended. 

Special plug-in units ma}' be made to 
operate in conjunction with a standard Tek- 
tronix plug-in unit or with a second special 
plug-in unit. 

Order through 3'our local Tektronix Field 
Office, Field Engineer, Field Representative, 
or Distributor, 

For Tektronix Oscilloscopes using Letter 
Series or 1 Series Plug-In Unit, specify 
Tektronix part number 040-0065-00. 

For Tektronix Type 560-Series Oscillo- 
scopes, specif v Tektronix part number 040- 
0245-00. 
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TEKTRONIX TYPE IS2 M4fCfS REfLECTOMETERY EASY 



As an analytical technique in the study 
of high-speed transmission systems and com- 
ponents, TDR (Time Domain Reflectome- 
try) has won wide acceptance. This is par- 
ticularly true since the advent of the sam- 
pling oscilloscope and its fractional nano- 
second rise times. 

A new Tektronix oscilloscope plug-in 
unit, the Type 1S2 Sampling Unit, pro- 
vides an unusual degree of user convenience 
for TDR measurements — and does so with- 
out sacrificing its sampling capability. The 
Type 1S2 is designed to operate in Tek- 
tronix Type 530, Type 540, Type 550, and 
Type 580 (with Type 81 Adapter) Series 
Oscilloscopes. 

The essential parts of a TDR system 
include a fast-flat- top pulse source for 
launching an incident waveform into a test 
line. The T}’pe 1S2 contains, within itself, 
two such pulse sources: (1) a tunnel diode 
supplying a quarter- volt pulse with a 50- 
picosecond risetime (giving a TDR sys- 
tem risetime of 140 picoseconds) for ob- 
serving, with a high degree of resolution, 
small discontinuities in relatively sliort 50- 
ohm systems; and, (2) a one-volt pulse with 
50-ohm source impedance and a 1 -nanosec- 
ond risetime to maximize the signal -to-noise 
ratio when observing discontinuities in long 
50-ohm transmission lines. Either pulse can 
be fed (via the signal channel containing 
the sampling-oscilloscope pickoff) into the 
line under test. 

A TDR .system discloses, basically, three 
types of information : (1) the fyfye of dis- 
continuity the incident edge encounters as 
it travels down the line under test, (i.e., 
whether it meets a new ciiaract eristic im- 
pedance, or whether it sees a lump of series 
inductance or shunt capacitance) ; (2) the 
magnitude of the discontinuit}^ (such as the 
actual value of shunt capacitance or series 
inductance) ; (3) the location of a discon- 
tinuity with respect to the pulse .source and 
the oscilloscope. 

These three types of information can be 
obtained separately from the Type 1S2. 
The type of discontinuity and its magni- 
tude are obtained from the vertical axis 
of the display. The Type 1S2 offers two 



sets of scale units on the vertical axis ; 
one calibrated in reflection coefficient “p” 
(rho), and the other in volts per division. A 
switch provides for scale selection. With the 
switch in the p position, one can read the 
display of a reflection directly in terms of 
percent of the incident -pulse amplitude. 

By means of an OFFSET control, one 
can position the display vertically. Also, 
.since the offset voltage itself is available 
at a front panel jack, .slide back measure- 
ments of reflection — either in terms of p 
or volts — can be made. The primary func- 
tion of the OFFSET control, however, is 
to provide a variable voltage which is es- 
sentially added in series to the Type 1S2 
input. With this arrangement, when an 
operator is confronted with a small reflec- 
tion of interest sitting on a DC voltage, 
the DC voltage can be cancelled out using 
the OFFSET control. The signal of in- 
terest can thus be examined at a more re- 
vealing deflection factor. 

The third type of information, that of 
the location of a discontinuity is displayed 
on the horizontal axis of the Type 1S2. 
This axis also offers two .sets of scale 
units ; one calibrated in distance-units per 
division, the other, in time-units per divi- 
sion. The desired scale is selected via a 
HORIZONTAL UNITS/DIV front panel 
control. The actual horizontal units per 
division changes with the setting of three 
controls. Therefore a readout indicator is 
provided to automatically calculate and di- 
rectly display the actual distance or time 
units per division. 

Separating the processes of locating the 
discontinuity and analyzing the degree or 
size of the discontinuitj^ is often desirable. 
This is very easy to do with a Type 1S2 
Unit. When a position range has been 
selected and the POSITION control set 
to zero, the leading edge of the incident 
pulse will be positioned or referenced to the 
“1” vertical graticule line (graticule lines 
numbered 0 through 10 — left to right), 
independent of the time-distance settings 
of the RANGE control Turning the 
POSITION control will now cause the 
leading edge of the incident pulse to go 



off screen to the left and will bring the 
aberration, caused by a “down-the-line” dis- 
continuity, to the reference line. With the 
aberration so positioned, the location of the 
discontinuity can be determined by multi- 
plying the reading of the POSITION con- 
trol by the selected range. 

When a discontinuity has been thus lo- 
cated, advancing the MAGNIFIER control 
will expand the display horizontally about 
the reference line. 

With the HORIZONTAL UNITS/DIV 
switch in the DISTANCE position and the 
DIELECTRIC control set to the dielectric 
of the line under test, the location of a dis- 
continuity can be determined directly in 
metens. DIELECTRIC control positions 
for air, TFE, and polyethylene lines are pro- 
vided. The PRESET position of this con- 
trol provides a relative velocity of propaga- 
tion from 0.6 to 1. This extends the 
instrumentls distance calibration for use 
with foam transmission lines, many printed- 
circuit strip lines and lines with other un- 
usual dielectrics. When a test line is com- 
posed of unknown or several different 
types of dielectrics, it may be more con- 
venient to use the time- scale calibration. 
The POSITION control will then indicate 
the round-trip transit time of the incident 
edge down the test line and back to the 
oscilloscope. 

As a sampling unit, the Type 1S2 offers 
a flexible high-speed trigger circuit that 
accepts pulse and sine wave triggering 
through 5 GHz. However, the low sampling 
density that occurs in the display at low 
trigger rates makes trigger rates above 
1 kHz desirable. The through -signal chan- 
nel is then available to provide 90 -ps rise- 
time along with vertical deflection factors 
from 5 mV/di V to ^V/div, and time units 
from 1 ytis/div to lOOps/div. In either mode 
of operation — TDR or Sampling — single 
sweeps are available for photography or 
storage convenience along with a manual 
or external scan of the display ; most con- 
venient when driving X-Y or Y-T re- 
corders directly from outputs provided at 
the Type lS2’s front panel. 



TYPE OF DISCONTINUITY 
(A) 



MAGNITUDE OF DISCONTINUITY 
(B) 



LOCATION OF DISCONTINUITY 
(C) 





T=ONE-WAy TRANSIT TIME 



L= DISTANCE TO 
DISCONTINUITY 

K= DIELECTRIC CONST. OF 
TRANSMISSION LINE 
Vl = VELOCITY OF LIGHT 



IDEALIZED WAVEFORMS SHOWING THREE KINDS OF INFORMATION FROM A TDR DISPLAY 
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TUNNEL DIODE SWITCHING CIRCUITS 
AND THE BACK DIODE 



By The Marketing Technical Training Department 
Tektronix, Inc. 



PART U 

This is the concluding half of an article intended to give the reader a better 
understanding of tunnel-diode switching circuits. The first half of the article 
appeared in the June, 1966 Service Scope. It reviewed the several methods of 
tunnel-diode circuit operation and, in a circuit analysis, developed the need for a 
device, such as the back diode, in these circuits. This half of the article discusses 
the theory of the back diode and the application of this rather new device to tun- 
nel-diode circuits. 




BACK DIODE 



In order to avoid the waste power in R«, 
during “idle” time of the circuit, the ideal 
component to replace R- would be a 200- 
mV zener diode (see Figure 8). Normally 
when the TD is biased on the first positive 
slope, there would be essentially no current 
supplied to the zener. The steep slope of 
the zener that extends between the peak 
and valley current points of the TD would 
cause very positive switching back to the 
low-voltage state. Unfortunately, 200-mV 
zener s are not available. 

A more practical solution is the use of 
a back diodek 

The back diode is simply a tunnel diode 
that is usually chosen for its reverse con- 
duction characteristics. If the peak cur- 
rent is small compared to the operating 




Figure 8 Curve of a hypothetical 200-mA zener 
diode superimposed on a 10-mA tun- 
nel-diode curve. 



current, the peak current can be ignored. 
The BD-4 back diode has a peak current 
of from 50 to 100 /x A (see Figure 9A). 
When a 200-mA peak to peak sinewave is 
applied to the BD-4, the E-I characteristics 
of the back diode are represented by the 
curve in Figure 9B. Notice that the nega- 
tive resistance characteristic cannot be seen. 

^The back diode is a tunnel diode whose reverse 
characteristics are being used. Just as there are 
many symbols for tunnel diodes, many symbols 
have been used for back diodes. In order to 
avoid confusion, the symbol shown below has 
been chosen to represent a “backward” diode 
in this article. 




Easy current direction (low voltage drop) 



+ 




-0,4v 0 +0.4v -0.8v 0 +0.8v 

0.1 v/div 0.2 v/div 

(A) (B) 



Figure 9 (A) Waveform photo showing peak current of a BD-4 back diode. 

(B) Waveform of a BD-4 back diode with a 20-mA sinewave applied. 



Since the back diode is operated in the 
reverse direction, the conduction curve in 
Figure 9B must also be reversed to give 
a proper picture of the conduction charac- 
teristics of the device. See Figure 10. 
Notice this appears like a regular diode with 
a low-voltage zener region and an extremely 
low forward voltage drop. Any TD can be 
used as a back diode, although the high 



forward-current tunnel diodes will have a 
less desirable “reverse” characteristic. 

Figure 11 A shows curves of a tunnel 
diode type TD253B and a back diode type 
BD-4 superimposed. These curves w’ere 
taken on a Tektronix Type 575 Curve 
Tracer with the vertical deflection factor 
set to 1 mA/div and the horizontal set to 
0.1 volt s/di v. 



In Figure IIB, if the TD bias resistor, 
Ra, is adjusted so that the tunnel diode is 
biased at some current below Ip, the TD 
circuit is in a triggerable mode. The new 
DC load line, using the back diode as a 
load for the TD, is shown in Figure 12. 
The curve of the load line is the inverse of 
the impedance of the back diode. The AC 
load line is still the flat line (dashed) pro- 







duced by the coil At the time the peak 
current on the tunnel diode is reached, 
the current in the back diode is approxi- 
mately 1 mA. This compares to 3.2 mA of 
“lost” current when using the 25-11 resistor. 
As more current flows in the back diode, 
the non-linear impedance decreases sul)- 
stantially. The back diode must conduct 
about lOniA when switching the TD to 
the low- voltage state. At this point (10 
mA) the impedance of the BD-4 is about 
2 il. This low impedance will cause a very 
positive “back to low-voltage state” switch- 
ing of the tunnel diode. The non-linear 
impedance of the BD-4 offers the follow- 
ing advantages over a resistor : 

1. The high impedance at low current in- 
sures that the triggering point of the 
TD does not depend on the rate of 
rise of tlie trigger signal because the 
L is essentially disconnected. 

2. TliC very low impedance at high cur- 
rent will insure that the TD always 
returns to its low-voltage state after 
a trigger. 




Figure 10 Conduction curve in Figure 9, (B) reversed to give a proper picture of conduction 

characteristics. 




(A) (B) 



Figure 1 1 (A) Curves of a TD253B tunnel diode and a BD-4 back diode superimposed. 

(B) Same circuit os in Figure 6, (A) except here a back diode, D-, is the load for the tunnel diode. 



3. The static power requirements are less. 

The BD-4 also aids in operation of the 
circuit as a count -down unit. It has been 
noted that the circuit in Figure IIB will 
oscillate if the TD is biased al)ove the peak 
current point. Current switching will take 
place between tiie TD and the back diode. 
The frequency can be influenced by chang- 
ing bias on the TD. If the circuit has a 
free-running frequency of 49 MHz and a 
200-MHz signal is applied, the TD multi- 
vibrator circuit will synchronize with some 
sub-multiple of 200 MHz — in this case 50 
MHz. In any case, the output frequency 
will be some sub-multiple of the input fre- 
cpieucy when the input frequency is signif- 
icantly higher than the circuit free-running 
frequency. 




Figure 12 AC and DC load lines of tunnel diode in Figure 11 (B) superimposed on a 10-ma tunnel- 
diode curve. 






+20v 




Figure 13 A few refinements to the circuit in Figure 11 (B) are included In the circuit shown here. 
See text for explanation. 



A few refinements to the circuit in Fig- 
ure IIB are included in the circuit in Fig- 
ure* 13. The transistor is a fast PNP de- 
vice which isolates the voltage excursion 
of the TD circuit from the input signal. 
Static current in the transistor is adjusted 
by Ra to compensate for circuit values and 
peak current differences of TD’s. Normal- 
ly, Ra is adjusted for a free-running TD cir- 
cuit when Rs is at the center of its range. 
When Ro is set in the center of its range, 
the circuit operating conditions are as fol- 
lows : 



1. Current from the — 20 V supply to Di 
E „ 20 V 



anode is 



2.5 mA. 



R Skn 

2. Di must be biased at peak current 
which is 10 mA. 

3. D- will have a reverse current of 

mA. 



4. Current in Qi must equal R^, R5 cur- 
rent plus Di current plus D2 current 
which total 13.5 mA. 



5. Voltage drop across R-, Ra is +20 V 
minus emitter voltage of +2 V (base 
voltage) plus ^::i0.6V (base-emitter 
drop) which equals 20 — 2.6 or 17.4 
volts. 



6. Required total resistance of R«, Ra 

. ^ 17.4 V 

I 13.5 mA 

7. Current requirements are satisfied 



= 1.29 ka 



when Ra is adjusted for 290 fi. 



The input signal is AC coupled by Ci 
and C2. If the input frequency is sufficient- 
ly high, the impedance of Ci can be ignored 
and input impedance is Ri in series with the 
transistor emitter resistance; 3912 + 1112 
= 50 il. The small capacitor, C2, provides 



additional high-frequency coupling of the 
input signal to compensate for the increase 
in emitter resistance at higher frequencies, 
thus the input impedance is held fairly con- 
stant throughout the circuit operating range. 
Since the input impedance is a predictable 
50 12, the signal current can be found by 

I — I . For a 10-mV signal. I 

R input ^ 

becomes or 0.2 mA, An increase 

in current is required to switch Di so the 
circuit responds to positive signals only. 

When triggered operation is desired, Rr, 
is set ccw of center (less than 5kl2). 
More current is furnished to the transistor 
collector by R.i, R3 — perhaps 2.7 mA. The 
additional 0.2 mA through R4, Rr, subtracts 
from the current in the TD. The TD is 
biased at 0.2 mA below peak current or 
9.8 mA. A positive 10 mV signal will cause 
an increase of current in Qi of 0.2 mA and 
the TD will switch. The TRIGGER SEN- 
SITIVITY control is usually adjusted so 
that the current requirements of Di are 
compatible with the input signal. 

When synchronized operation is desired, 
Di is made to free- run by reducing the shunt 
current through R^, Rs. (Rs is adjusted 
for greater than 5 kl2.) Di current increases 
to greater than peak current and Di, D2 
and Li act as an oscillator. The oscillat- 
ing frequency is influenced by the addi- 
tional current through Dj, D2 and Li when 
the resistance of Rs is increased. As cur- 
rent increases, frequency decreases because 
even though the time constant remains the 
same, a longer time is required to switch 
the additional current from Di to D2. 



Let us assume the TD has just switched 
to the high state. Current through D2 in- 
creases exponentially as fast as Li and the 
impedances of Di and D2 will allow. As 
the current in D2 increases, current in Di 
will decrease proportionally until Di switches 
to the low- volt age state. At this time, the 
current in Di will increase as current in D2 
decreases until Di peak current is reached 
and switching occurs again. 

When a high-frequency signal is applied 
at the circuit input, each positive peak will 
cause a small increase of current in Qi. If 
Di is almost ready to switch when a cur- 
rent increase occurs in Qi, the switching of 
Di and the positive peak of the input signal 
occur coincidenth^ (The increase in Qi 
current will cause Di to switch.) When 
the free- running frequency of Di D2, and 
Li is such that one of several input signals 
always causes Di to switch, the TD multivi- 
brator circuit will be in synchronization with 
the input signal. Since the TRIGGER SEN- 
SITIVITY setting influences the free- run- 
ning frequency of the circuit, it can be 
adjusted to achieve optimum synchronization. 




Figure 14 Waveform photo showing a 200-MHz 
input signal on the upper trace and 
the synchronized switching of the TD 
circuit on the lower trace. 

The photo in Figure 14 shows the 200- 
MHz input signal on the upper trace and 
the sjmchronized switching of the TD cir- 
cuit on the lower trace. 

The obvious advantages of this type of 
trigger circuit are: 

1. The circuit is very sensitive to small 
input signals. 

2. The circuit can be made to oscillate 
and produce a trigger in the absence 
of an input signal. 

3. In synchronous operation, high-fre- 
quency input signals can be converted 
to a more useable frequency. 

4. The TD circuit operates at low power 
levels so radiation interference is cor- 
respondingly low. 

In the interest of simplicity the influence 
of the usual hold-off circuitry has been 
deliberately ignored. By adjusting circuit 
values in Figure 13, current in Qi has been 
increased to include TD bias current nor- 
mally supplied by the hold-off circuitry. 





TYPE 580/580A SERIES OSCILLO- 
SCOPES WITH TYPE 82 DUAL- 
TRACE PLUG-IN UNITS— A SYS- 
TEMATIC STEP-BY-STEP PROCE- 
DURE FOR MAKING GAIN ADIUST- 
MENTS 

A Type 580/S80A Series Oscilloscope in 
combination with a Type 82 Dual -Trace 
Plug-In Unit has eight gain adjustments 
which must be adjusted in the proper se- 
quence to realize optimum vertical-amplifier 
performance. These eight gain adjustments 
— five potentiometers and three solder-in 
resistors — are necessary to compensate for 
the effects of parameter variations of tran- 
sistors and tubes. Before we outline a sys- 
tematic step-by-step procedure by which 
these adjustments are made, we should point 
out that the three solder-in resistors are 
selected during the initial factory calibration 
of the Type 82 and Type 580 Series Oscil- 
loscope — they zmll very seldom require 
changing. However, to make a complete 
story, the selection procedure for each of 
the three solder-in resistors has been in- 
cluded in the adjustment procedure. The 
adjustment procedure was written with the 
Type 581 A and Type 5 85 A Oscilloscopes 
in mind. Certain notes have been added to 
make the procedure equally useful for the 
Type 581 and Type 585 Instruments. 

The step-by-step gain adjustment proce- 
dure which follows is intended to delete one 
step in the Calibration section of the In- 
struction Manuals for the Type 580 Series 
Oscilloscopes and to replace one step. The 
steps deleted and replaced will depend upon 
whether the calibration procedure you are 
following is for a Type 581, Type 585, Type 
581 A, or Type 5 85 A Oscilloscope. If your 
Instruction Manual is for a : 

Type 581, delete step 15, page 6-8; re- 
place step 16, page 6-9. 

Type 585, delete step 15, page 6-9; re- 
place step 16, page 6-10. 

T 3 q)e 581A, delete step 11, page 6-6; re- 
place step 14, page 6-6. 

Type 585A, delete step 11, page 6-6; re- 
place step 14, page 6-7. 

The Type 580 Series Indicator (Oscillo- 
scope) deflection factor (Volts/cm) must 
first be verified before using the indicator 
for plug-in calibration. 



Adjustment of the Type 580 Series Indica- 
tor Gain: 

1. Install a Type 84f Plug-In Test Unit in 
the Type 580 Series Indicator. 

NOTE: If a Type 84 Plug-In Test Unit 
is not available, a Type 82 Dual-Trace 
Plug-In Unit can be used to provide the 
push-pull signal required — see Step 4-c. A 
second calibrated scope is the instrument 
you would choose to verify that the Type 
82 Plug-In was delivering 100 millivolts 
peak-to-peak to the input of the indicator. 

2. Set the Type 84 DISPLAY SELEC- 
TOR to CAL (2 cm), ALT. SYNC and 
free run the sweep. 

3. Rotate the Type 580 Series Indicator 
Vert. Gain Adj. full clockwise (R1015). 

4. Check the gain limits : 

a. If the deflection is less than 2.3 cm, 
the 6DJ8’s on the upper vertical chas- 
sis and/or the 7788 CRT driver tubes 
may need replacements. (Type 581 & 
585 used a single 7699 CRT driver 
tube. ) 

NOTE: T>^pical voltage gains for each 
of the three sections of the vertical am- 
plifier will be useful in determining if 
tubes should be replaced for insufficient 
gain. Typical gains are: 

Delay Line Driver section (lower vertical 
chassis) X3 gain 

Vertical Output section (upper vertical 
chassis) X5 gain 

CRT driver chassis X4 gain 

b. If the CRT deflection is greater than 

2.5 cm, add a 2W 180-12 resistor 
(R1016)* betw^een the Vert. Gain Adj. 
pot (R1015) and the cathode bus wire. 
(R1016 replaces a wire strap.) Until 
Type 5 85 A, sn 10870, R1016 w^as usu- 
ally 012 (wire strap) and not listed in 
the manual. If GE 6DJ8’s are used in 
the vertical amplifier, gain may be ex- 
cessive — requiring use and selection of 
R1016. R1016 can have any value be- 
tween 0^2 and 20012. 

c. Vary the line voltage from 105 — 125 
V AC. With marginal tubes, the CRT 
display will shift vertically about 1.8 
mm and the peak-to-peak deflection 



wdll change about 2 mm (10%). With 
new tubes, line voltage variation will 
cause virtually no vertical shift or gain 
change. Return the line voltage to 117 

V AC. 

NOTE: With a 2-cm display and 
change of line voltage from 105 — 125 

V AC, vertical trace shift of 0.5 cm 
and a peak-to-peak deflection change 
of nearly 1.0 cm can be expected on a 
Type 585 which has not been modified 
by installation of kit 040-0303-00 (Ver- 
tical DC Filament Supply Modifica- 
tion Kit). 

Type 585 A should not produce 1.0 cm 
of CRT deflection when 100 mV of 
peak-to-peak signal is differentially ap- 
plied to the indicator between pins 9 
and 11 of the Amphenol connector. A 
T 3 ^pe 82 or 86 Plug-In Unit develops 
a differential (push-pull) signal at 
these pins. 

Adjustmeyit of the Type 82 Gain: 

Remove the Type 84 Plug-In Test Unit 
from the indicator and install the Type 82; 
allow 10 to 15 minutes warm-up time. Per- 
form all manual checks and adjustments 
pertaining to gas, microphonics, position 
range, and grid current before starting the 
gain adjustments. 

NOTE: Prior to sn 3000, the Gain Bal. 
Adj. pot was in Channel B instead of Chan- 
nel A and designated R277. For these early 
Type 82’ s, Steps 1-5 should be performed 
in Channel B ; Step 7 should be performed 
in Channel A. 

1. Set Channel A and B VOLTS/CM to 
0.1, VARIABLE VOLTS/CM clockwise 
and MODE switch to A onlj^ 

2. Apply 0.2 V from the Type 585 A cali- 
brator (±3%) to the A Channel input. 

3. a. Vary the line voltage from 105 — 125 

V AC. If the change in CRT deflec- 
tion is 5 — 10% greater than the change 
noted in Step 4 c of the Type 585A 
adjustment section, replace the three 
output 6DJ8’s in the Type 82. 6DJ8’s 
with low transconductance will reduce 
the gain of the Type 82 output ampli- 
fier as much as 10%. 






b. Mechanically center the front panel 
XI GAIN ADJ. control. Rotate the 
Gain Bal. Adj. (R177), located on the 
circuit board assembly near Channel A 
Attenuator switch. If the range is not 
approximately ±3 mm (nominal 2-cm 
CRT deflection), select and install a 
new value of R550.* Typical range of 
R550 is ion to 68 n. 

c. Change the 0.2- V calibrator signal to 
Channel B, MODE switch to B only 
(front panel XI GAIN ADJ. is still 
mechanically centered), and select 
R262* for approximately 2 -cm CRT 
deflection. Reducing the value of R262 
will increase the CRT deflection ; 
typical range of R262 is 390 n to 1.5 
kS2. (R262 is in parallel with R267 
and, if present, is located on the circuit 
board assembly near B attenuator 
switch.) 

4. a. Adjust the XI GAIN ADJ, for ex- 

actly 2 cm of CRT deflection. 

b. Change the 0.2-V calibrator signal to 
Channel A, MODE switch to A only 
and adjust the Gain Bal. Adj. for 
exactly 2-cm CRT deflection. 

5. With the calibrator signal still applied 
to Channel A, change the GAIN switch 
to XIO and the calibrator signal to 20 
mV. 

6. Adjust the XIO Gain Adj. (R356) for 
exactly 2-cm deflection. 




TYPE 316 AND TYPE 317 OSCILLO- 
SCOPES— DC FAN MODIFICATION 

Installation of this modification enables 
the Type 316 and Type 317 Oscilloscopes 
to operate from a 50-to-400'Cycle power 
source. The kit supplies a DC fan assem- 
bly and the necessary hardware and compo- 
nents along with step-by-step instructions 
for easy installation. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix part 
number 040-0228-00. 

TYPE 316 AND TYPE 317 OSCILLO- 
SCOPES-SILICON RECTIFIERS 

This modification replaces the selenium 
rectifiers originally used in the power sup- 
plies of the Type 316 and Type 317 Oscil- 
loscopes with silicon rectifiers. The new 
rectifiers offer more reliability and longer 
life than selenium rectifiers. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix 
part number 040-0212-00. 



7. Turn MODE switch to Channel B only, 
change the calibrator signal to Channel 
B and adjust the XIO Gain Adj. (R456) 
for exactly 2-cm deflection. 

t The Type 84 designation for the Plug-In 
Test unit for the Type 580 Series Oscillo- 
scopes has been chan'g-ed to a Tektronix 
part number — 067-0523-00. This part num- 
ber, rather than the Type 84 designation, 
should be used in ordering or referring to 
the Type 580 Series Oscilloscopes Plug-In 
Test Unit. 

* The resistors identified by an asterisk 
are the three solder-in resistors that along 
with five potentiometers comprise the eight 
gain adjustments with which this procedure 
is concerned. 

> TRANSISTOR TESTING WITH THE 
TYPE 575 TRANSISTOR-CURVE 
TRACER AS AN AID TO TROUBI.E- 
S HOOTING 

Usually when a transistor fails one junc- 
tion becomes shorted or open. Quick checks 
for opens or shorts can be made on suspect 
transistors by using a Type 575 Transistor- 
Curve Tracer to determine whether a typi- 
cal family of curves can be produced. Near- 
ly every transistor can stand a collector volt- 
age of about 2 volts without danger of 
breakdown ; and, base current drive of up 
to 100 microamperes will almost never ex- 
ceed dissipation limits with onl}' 2 volts on 
the collector. So, by limiting the collector 
voltage and the base drive on the Type 575, 




TYPE 422 OSCILLOSCOPE-PORTA- 
BLE-TO-RACKMOUNT CONVERSION 

This modification is applicable to Type 
•422 Oscilloscopes, AC powered only. It is 
not applicable to Type 422 instruments with 
AC/DC Battery Power Supply. 

The modification supplies an R422 Rack- 
mount Assembly for rackmounting the 
Type 422 Oscilloscope. This assembly has 
two oscilloscope compartments. With this 
arrangement, two Type 422 Oscilloscopes 
can be mounted side-by-side in the same 
relay rack. Or, one Type 422 may be rack- 
mounted in either the right or left com- 
partment, leaving the remaining compart- 
ment to be used for storage of accessories 
or other equipment. A convenient pulldown 
door is provided for the storage compart- 
ment. 

The kit also includes two Rackmount 
Rear Support brackets with instructions for 
their installation. These brackets are re- 
quired when two Type 422 's are rack- 
mounted side-by-side. When properly in- 
stalled the two Rackmount Rear Support 



you can quickh’ and safeh’ make non- 
destructive tests to determine if the tran- 
sistor is functioning properly. To do this 
you need only to know whether the tran- 
sistor is an NPN or PNP tyq)e, which 
leads go to the emitter, the base and the col- 
lector, and how to set up the Type 575. 
(Pages 2-5 and 2-6 in the Operating In- 
structions section of the Type 575’s Instruc- 
tion Manual contain information on how 
to set up the Type 575 to display a family 
of curves.) 

The Beta of most transistors is usually 
between^ 10 and 200. Therefore, a vertical 
m A/division setting of about 20 times the 
amount of base current per step will usually 
produce a display of a t\q)ical -looking family 
of curves on the CRT of the Tyi)e 575. 
Putting it in terms of front -panel controls 
for the Type 575, the CURRENT OR 
VOLTAGE PER DIVISION switch (lo- 
cated in the Vertical block) should be set 
to a value on the COLLECTOR mA range, 
that is 20 times the value of the mA PER 
STEP setting of the STEP SELECTOR 
switch (located in the Base Step Generator 
block) . 

From an instrument troubleshooting stand- 
point, the Type 575 is a valuable tool. Tran- 
sistor characteristics can be easily matched 
for use in push-pull solid state amplifiers. 
Verification of tvmnel diode, zener diode, 
and signal diode characteristics is a rela- 
tively simple task. For maintenance activ- 
ities, it proves to be quite a time saver. 




li rackets enable the Itype 422’ s to with- 
stand an environmental shock or vibration 
as described in the Characteristic section 
of the Type R422 Instruction Manual 
(page 1-3). If only one instrument is 
rackmounted, support to the storage com- 
partment side of the assembly is not re- 
el ui red. 

Tlie assembled R422 Rackmount Assem- 
bly may be installed in any standard 19-incb 
open or closed relay rack. 

The slide-out tracks used on the Type 
422 consist of two assemblies, one for the 
right side and one for the left side. Each 
assembly consists of three sections. The 
stationary section attaches to the rack, the 
chassis section attaches to the surrounding 
instrument frame, and the intermediate sec- 
tion fits between the other two sections. 
This allows the instrument to be pulled 
forward and extend out of the rack. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix 
part number 040-0419-00. 



TEKTRONSX TECmiCAL PUBUCAflOMS 



A considerable number of varied forms of 
Technical Publications have been produced 
by Tektronix during the past few years. 
The main purpose of these publications is 
to educate the customer in techniques unique 
to Tektronix, and thus, enable him to apply 
our products more usefully. They also pro- 
vide a fuller explanation of certain proce- 
dures and technical information mentioned 
all too briefly in some Instruction Manuals. 

Much of the need for such a range of 
publications has been reduced because of the 
considerable improvements to, and expansion 
of material in many Tektronix Instruction 
Manuals. 

PROGRAMMED INSTRUCTION 

The use of Programmed Instruction is 
becoming quite widespread throughout the 
United States and many overseas countries. 
The Product Technical Information Depart- 
ment at Tektronix produces a range of such 
books. These are designed to be used as 
self -teaching devices to complete the train- 
ing (of an individual who has some elec- 
tronic background) in the theory of opera- 
tion of Tektronix circuits. 

At the present time eight programmed 
volumes are available and four more will 
be added to the range short^c Two further 
volumes are available published in conven- 
tional text-book form. 

Details are as follows : 



Order 

Semiconductor Series Part Number 



Volume 1 Basic Theory 


062-0053-00 


Volume 2 Diode Devices 


062-0112-00 


Volume 3 Transistors 


062-0067-00 


Volume 4 Circuit Analysis 1 


062-0216-00 


Volume 5* Circuit Analysis 2 
Volume 6*"^ Reference for 


062-0217-00 


Vol’s 1 and 3 


062-0422-00 


Volume 7** Reference for 




Vol’s 4 and 5 


062-0432-00 


Analj^sis of Passive 


Order 


Networks 


Part Number 


Volume 1 DC Equivalent 




Circuits 


062-0605-00 


Volume 2 AC Theory 


062-0606-00 


Volume 3 Integrators 


062-0607-00 


Volume 4 Differentiators 


062-0608-00 


Volume 5* Circuit Application 062-0609-00 


Time Domain 


Order 


Reflectometry 


Part Number 


Volume 1* 


062-0703-00 


Volume 2* 


062-0704-00 



* Not presently available. To be added to 
the range in the near future, 

** Available in conventional textbook form 
only. 



The publication “Junction Functions” 
(061-0662-00) is no longer available. It has 
been superseded by Programmed Instruction. 

In addition to these books several other 
specialized booklets are cur rent 1}^ available. 
These are prepared in conventional text 
form and in the main cover specific applica- 
tions or techniques : 

Sampling Ahtes — First published in 1962. 
Describes basic repetitive sampling tech- 
niques (N, 3S76, 4S1, etc). 061-0557-00. 

Storage to Picoseconds, a Survey of the 
Art — Reprint of magazine article, August, 
1963. Comparison of sampling and con- 
ventional oscilloscope techniques. 061- 
0991-00. 

Spectrum Analyzer Notes — A basic ap- 
proach to the use of analyzers. 062-0433- 
00 . 

Strain Gage Measurement Concepts — A 
new' booklet, published in 1966, describing 
basic techniques, circuits and applications 
to oscilloscope displays. 062-0710-00. 

Some Transistor Measurements Using the 
Type 575 — Describes exact use of instru- 
ment with varied types of semiconductors, 
1959. 070-0192-00. 

Typical Oscilloscope Circuitry — A 300 
page book analyzing basic Tektronix cir- 
cuits in use up to 1964. 070-0253-00. 

Magnetic Ink Character Recognition — 
Published in 1962, this booklet describes 
the oscilloscope displays derived from 
Magnetic Ink readers. 070-0283-00. 

Rackmounting Instructions — 1964, infor- 
mation concerning the installation of the 
majority of Tektronix instruments in 
standard 19" (48.5 cm) racks. 070-0440- 
00 . 

Operational Amplifiers and Their Appli- 
cations — 1965, detailed techniques and 
uses. 070-0526-00. 

Oscilloscopes at Work No. 1 — Measure- 
ment of High Current Forzvard -Reverse 
Recovery Times in Signal Diodes — Tech- 
nique utilizes Tektronix sampling system. 
A2271. 

Oscilloscopes at Work No. 2 — Measure- 
ment of Shock Imparted During Drop 
Test — ^Using a storage oscilloscope. A2270. 

Oscilloscopes at Work No. 3 — Monitor of 
Cortical Impedance During Periodically 
Increased Sthmilaiion — ^Using 564/2A63/ 
2B67 and 160 series generators. A2277. 

Getting Acquainted with Spectrum Ana- 
lyzers — A basic approach to analysis, re- 
printed from articles appearing in Service 



Scopes No.’s 31 and 32, April and June, 
1965. A2273-1. 

Fundamentals of Selecting and Using 
Oscilloscopes — A booklet designed to pro- 
vide abridged details of the entire Tek- 
tronix product range and how to select an 
instrument for a particular application. 
X2146-7. 

Some currently available booklets relate 
to Tektronix Instruments no longer in our 
product range. These will be of interest to 
customers who possess the instrument types 
concerned. Supplies of the booklets are 
rather limited. 

Some Basic Circuits Used in Tektronix 
Instruments — Published in 1960, details of 
then current circuits — ^Imown as FIP-1. 
061-0139-00. 

Measuring the Angular Velocity and Ac- 
celeration Characteristics of Rotating 
Machines — 1959, refers in the main to 
techniques involving the Rotan Angular 
Transducer — now discontinued. 061-0151- 
00 . 

567/3S76/3T77/6R1 Data Flow Diagram 
— 1963, interconnections and signal paths 
diagram using the 6R1 — not the 6R1A. 
061-0938-00. 

Using Yotir Oscilloscope Type 535/45 — 
1958, not “A or B” series. FIP-1. 070- 
0185-00. 

A Primer of Waveforms and Their 
Oscilloscope Displays — 1960, basic wave- 
form analysis, simple circuit discussion — 
FIP-7851. Refers to obsolete instruments 
and publications but still a good training 
guide. 070-0190-00, 

Using Your Oscilloscope Type 535 A/ 
545A—19S9. 070-0239-00. 

Maintenance and Calibration of Type 
545 A Oscilloscope — 070-0282-00. 

For price and availability details con- 
cerning all the above described publications 
and any other Technical Publication origin- 
ated by Tektronix, please contact the Tek- 
tronix Field Office, Distributor or Repre- 
sentative in your area or write to: 

International Marketing 
Tektronix, Inc. 

P. O. Box 500 
Beaverton, Oregon 97005 

OR 

Tektronix Limited 
P. O. Box 36 
St. Peter Port 
Guernsey, Channel Islands 
British Isles 
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UNDERSTANDING AND USING 



THEVENIN’S THEOREM 

by Nelson Hibbs, Instructor 
Tektronix Product Manufacturing Training Department 

TMvenMs theorem offers to the technician a most useful tool for analyz- 
ing and tinder standing electronic circuits. It is, hozvever, a theorem most diffi- 
cidt to present in a staternent enabling the reader to easily utiderstand and apply 
its principles. ; 

In this article, the author describes, in a step-by-step explanation, how to 
apply these principles when trying to analyze and understand how a circuit 
operates, 







Thevenin’s theorem is one of the most 
useful extensions of Ohm’s law ever de- 
vised. It is, however, a theorem most diffi- 
cult to present in a statement that enables 
the reader to readily understand and easily 
apply its principles. For this reason perhaps, 
some college courses in electrical engineer- 
ing do not delve into the theorem in aii}^ 
depth until in the senior year. 

Once the electronics student or technician 
does understand The ven in’s theorem, he will 



find it a most useful tool for analyzing 
and understanding electronic circuits. The 
theorem is a general transformation w^hich 
reduces any combination of active and pas- 
sive circuit elements to a simple equivalent 
circuit consisting of a voltage source in 
series with an equivalent passive element. 
It is a general theorem applicable to all 
combinations of passive circuit elements. 

With Thevenin’s theorem, one can re- 
place any portion of a circuit with a voltage 



source and an impedance in series, provided 
the portion replaced has only one pair of 
terminals. The voltage source in the 
Thevenin’s equivalent circuit \yill have a 
value equal to the open circuit voltage ap- 
pearing at the pair of terminals, and the 
series impedance will be the impedance 
that would be seen looking into the pair 
of terminals with all energy sources turned 
off and shorted. 




In this writer’s opinion, one of the more 
understandable presentations of Thevenin’s 
theorem is put fort la by Phillip Cutler in 
his book “Electronic Circuit Analysis, Vol- 
ume 1, Passive Networks”.* On the bot- 
tom of page 18 Cutler wu*ites, “1-5 Theven- 
in’s Theorem. Thevenin’s theorem states 
that any linear network of impedances and 
generators, if viewod from any two points 
in the network, can be replaced by an equiv- 
alent voltage source V«c and by an equiva- 
lent impedance Zth in series”. 

We wall take a look at the mechanics by 
W'hich this is achieved in a moment; but 
before wo do, let us see w-hat this presenta- 
tion actually says. 

* Copy right 1960 © McGraw--Hill Book 
Compan}', Inc,, New- York, Toronto, London 



Apparently the first thing wo need is a 
linear network of impedances and generators. 
To keep it simple, wo wall use resistors for 
the impedances and good solid voltage sup- 
plies for the generators. Our circuit might 
then look like the circuit in Figure 1. 

Cutler’s statement of Thevenin’s theorem 
next says wo must view this circuit from 
two points in the network ; let us select for 
these two points, the ground and common 
lead at point A. Next it tells us that 
The veil in pointed out wo can make a sub- 
stitution for the complex network made 
up of a single voltage source (which he 
called Voo) and a single series resistance 
(which he called Zth). 

Let us define Voo and Zth. Since ground 
is one point of reference and the common 
lead the other, Vo<- becomes the voltage dif- 



ference betwoen these two points. Thus in 
the circuit in Figure 1, 



Va — V= 

I 

Ri + 

Voc = V. -f I (R.) 

(Vi — VO R. 



= V= + 



Ri 



R2 



88 X 1 k 

Voc = 12 V + or 20 V. 

10k -f Ik 



If wo assume wo are using ideal batteries 
for our “good solid voltage supplies” wo will, 
of course, have zero impedance within the 
voltage sources. Looking back then into the 
circuit from our selected reference points, 
through the resistors to the zero impedance 
point, wo will see an impedance made up of 
the parallel resistance of the two divider 
resistors and this impedance becomes Zth. 
Thus in the circuit in Figure 1, 

10 k X 1 k 

Zth — or .91 k ohms. 

10 k -f 1 k 

According to Thevenin’s theorem, these 
two units, Voo and Zth, will be seen in series 
wlien used as a substitute for our simple cir- 
cuit, see Figure 2. 




Figure 2. Th'evenin’s equivalent of the circuit in 
Figure 1. 



2 





Figure 3. Transistor with a split collector load. 



Figure 4. Th'evenin’s equivalent of the circuit in 
Figure 3. 




Figure 5. Load line drawn on the collector curves for the transistor in Figure 3 showing where the 
transistor is operating In that circuit. 

V|=-HOO V 




V2=“50V 

Figure 6. Illustrotion of a circuit a bit more complex than the one shown in Figure 1 . 



Now let us put this idea into the practical 
framework of a real circuit. 

Figure 3 shows a transistor with a split 
collector load. Let us assume we have the 
collector curves for this transistor and we 
would like to draw in the load line to obtain 
an idea of where the transistor is operating 
and how we can expect it to perform in this 
circuit. We now need to know what the 
effective Vcc is and how much resistance 
is in the actual effective Rl. Applying 
Thevenin’s theorem, Vec turns out to be the 
Voc and Rl becomes the Zu, of the theorem, 
thus the Thevenin substitute for the circuit 
in Figure 3 would be the circuit shown in 
Figure 4. We can now draw in the load line 
for the transistor as shown in Figure 5. 

Naturally, the more complex linear net- 
works will require a bit more figuring and 
will establish the reason for labeling Thev- 
enin’s voltage as V«o, or open circuit voltage, 
rather than calling it the unloaded divider 
voltage or something else. However, as you 
have just seen, the figuring will involve only 
some very basic mathematics with which the 
electronic technician is (or should be) very 
familiar. There are other methods of ana- 
lyzing complex linear circuits; but, they 
involve simultaneous equations which are 
time consuming; and, beyond the scope of 
this article. 

As an example of a more complex cir- 
cuit, let us consider the circuit in Figure 6. 
The procedure, when using Thevenin’s 
theorem and analyzing a complex circuit, 
is to progressively apply the theorem to por- 
tions of the circuit until all elements of the 
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Figure 7. Thevenin’s equivalent for that portion of the circuit in Figure 6 up to point “A". 



circuit have been considered. If in Figure 

6 then, we break the circuit at point “A”, 

we can solve for Voc and Zth up to this 

point. In the interests of clarity, let us 

call the open -circuit voltage and impedance 

up to this point Voc and Zu, and the open 
1 1 

circuit voltage and the impedance of the 
entire circuit Voc and Zth. 

I t 

Thus : 



Voo 



V. + 



(Vh ™ \T) R. 

Ri + Rt. 



= -50 V + 



[100 V — (-50 V)] 15 k 
1 a k — [- 10k 



= -50 V -f 



150 V X 15 k 
25l^ 



= —50 + 90 V 
= 40 V 




Figure 8, The circuit in Figure 6 redrawn with portion 



“A" replaced with the Thevenin equivalent. 




Figure 9. Thevenin's equivalent for the entire circuit in Figure 6. 



^ _ R. X R, 

z t ii . — 

’ Ri + R^ 

_ 15 k X 10 k 

^ 15 k + 10 k 

_ 150 k 

S k 

= 6k 

The Thevenin equivalent then, for that 
portion of the circuit in Figure 6 up to point 
“A”, is the one showm in Figure 7. 

We can now' redraw the circuit in Figure 
6, replacing that portion of the circuit up to 
point “A” with its Thevenin equivalent. This 
gives us the circuit shown in Figure 8. We 
can now’ apply Thevenin's theorem to this 
circuit and obtain our original objective; ie, 
a complete analysis of the circuit in Figure 6. 

Voo x*41rk 
1 

^ + 4.7 k 
1 



40 Vx 4.7 k 



6 k 


+4.7 k 


17.5 V 


Zth 


xR. 

i 


Zth 

I 


+ R= 


6 k 


x4.7k 


6 k 


+ 4.7 k 



= 2.63 K 

The open circuit voltage (Voc) and the 
impedance (Zth) then for the circuit in 
Figure 6 is 17.5 V and 2.6 k, respectively, 
and the Thevenin equivalent circuit is the 
one shown in Figure 9. 



Thus : 

Voc 
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From the foregoing, it should be apparent 
that in analyzing complicated circuits we 
open the circuit so that we consider only two 
supplies and their resistances at a time. Look 
at the circuit in Figure 10. Here we would 
open the circuit at point “A”, take Vi and 
Ri and V3 and R2 and simplify them into 
one voltage supply and its series resistance. 
To this we would add the next supply and 
its series resistance, apply the procedure of 
Thevenin and find this new equivalent, and 
so on, until we had simplified the entire 
circuit. 

It is not difficult to use Th even in’s 
theorem once you understand it. We hope 
that in this article we have given 3^011 a 
better understanding of the theorem and a 
new tool for circuit analysis. 




Figure 10. When using Thevenin’s theorem to analyze a complicated circuit, open the circuit so that 
only two supplies and their associated resistors are considered at a time. 



WRITING SPEED IN PRACTICAL TERMS 
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aNEWAVE FREQUENCY* 



*lf the principal spot velocity component is 
vertical. This chart was computed for 10-90% 
risetime displayed at about 55° angle from the 
horizontal and for sinewaves having a peak to 
peak amplitude about 3X the width of one 
cycle, to minimize the effect of the spot velocity 
vector introduced by the time-base. 

HOW TO USE THE CFIART 

Use any two factors to find the third. 

Example 1 : Determine what oscilloscope/ 
camera .system is required to photograph, on 



a single -shot basis, a display of 100 MHz 
sinewaves on 6 cm higb. 

Reading up from 100 MHz and across 
from 6 cm, we find the intersection to be 
somewhat beyond 1000 cm/^s diagonal. If 
the fastest recording system available has a 
single- shot writing speed of 300 cm/^s, it 
becomes evident from the chart that the 
maximum amplitude of 100 MHz sinewaves 
that can be fully recorded is about 1 cm. 
Larger amplitudes may record at the peaks, 
but not at the “zero” crossing. 

Example 2: A storage oscilloscope having 



a single-shot writing speed of 1 cm//tis is to 
be used to display a single transient having 
a risetime of 200 ns. What is the maximum 
amplitude that will allow the entire leading 
edge to be stored? 

Reading down from 0.2 /zs (note that 0.2 
fxs would be to the left of 0.1 /ns) to intersect 
with the 1 cm/s line, we find that about 
2 mm is the maximum 100% amplitude that 
will assure storage of the 10-90% risetime 
with a single sweep. However, if gaps in 
the trace are allowable, a larger amplitude 
may be attempted. 








TYPE W HIGH-GAIN DIFFEREN- 
TIAL COMPARATOR UNIT— CALI- 
BRATION INFORMATION 

Some confusion exists concerning Step 6 
of the calibration procedure, Adjust DC 
Level R280, on page 5-3 in the Type W 
Unit’s Instruction Manual. In step “a,” you 
are instructed to connect a VOM between 
the emitter and connector leads of Q184. 
The problem is that the manual fails to 
point out that there is a test point installed 
in the ceramic strip nearest the amphenol 
connector in the Type W Unit and this test 
point is at the emitter lead of Q184. Some 
in attempting to perform this step are mis- 
takenly connecting to the top of R281. Try- 
ing to adjust for 6 volts differential between 
this point and the collector of Q184 will lead 
to frustration. The reading will never be 
less than approximately 9 volts. The re- 
quired reading must be made directly be- 
tween the emitter and collector leads of 
Q184. Figure 1 shows a view through the 
rear panel of the Type W Unit. The points 
to which the VOM must be connected when 
adjusting the DC level of R280 are clearly 
identified. 



TYPE 422 OSCILLOSCOPE WITFI 
BATTERY PACK — BATTERY PACK 
VOLTAGE CFIECK 




Figure 2. Type 422 Oscilloscope 3-ampere fuse 
holder with the thin-shell bock pierced 
to allow insertion of a VTVM lead. 



Here is a simple method for checking, 
under normal load conditions, the charge re- 
maining in the batteiw pack of a Type 422 
Oscilloscope, 

First modify the 3 -ampere fuse holder by 
piercing a hole thru the thin-shell back (see 
Figure 2). The thin-shell is composed of a 
plastic material and (luite easily pierced with 
a metal scribe. To check the battery voltage, 
turn the POWER MODE switch to the 
I NT BATT. position, turn the front panel 
POWER switch to ON, and insert one lead 
of a VTVM in the hole pierced in the 3- 
ampere fuse holder and connect the other 
lead to ground. 

This method allows an accurate check of 
battery-pack voltage without removing the 
pack or power supply from the instrument. 



Figure 1. Arrows indicate the points to which 
the VOM must be connected when adjusting 
the DC level of R280. 



TYPE 527 AND TYPE RM527 WAVE- 
FORM MONITORS — USE WITH A 
GENERAL ELECTRIC TYPE TV83 
DEMODULATOR 



We also call your attention to a correc- 
tion to Step 22, Check Input A lOOOX At- 
tenuator, on page 5-8 of the calibration 
procedure of the Type W Unit. Change the 
information in your manual to agree with 
the following: 



22. Check Input A 1000X Attenuator 

0 . Set the W Unit controls os follows: 
.COMPARISON VOLTAGE 0.011 
' INPUT ATTEN ' ' ■ . . 1000 

■ fa. Check thot the trace is centered. 

, ■ c. Set the Vc RANGE switch to f W ? +l.i 



(a-l'lo) 



d. Check that the' trace 



e. Set the Vc RANGE switch to 0^ 




Doesn't 7>iey« 



4u>i4ckt<t^JVe 'Hie 0 

'tkc 4 1.1 pdtlT/dvi. 



The following information concerns Type 
527 and Type RM527 Television Waveform 
Monitors located in television transmitter 
installations, and then, only when they are 
used in con] unction with a General Electric 
Type TV83 Demodulator to monitor percent 
of modulation. 

The flag pulse produced by tlie TV83 
Demodulator will charge the coupling capaci- 
tor (C29) in the Type 527 and Type RM527 
to a grealer-than-normal value. This over- 
charge will exist for about 2 ms. While it 
exists, the over-charge will deactivate the 
Trigger and DC Restorer circuits in the 
Type 527 and Type RM527. During this 
period, the black level of the waveform 
under observation will be displaced about 30 




IRE units above or below its normal level. 
The solution to the problem is : 

1. In the Sweep Trigger circuit of the Type 
527 or Type RM527, remove the cathode 
lead of D32 (a 6061 diode) from ground. 

2. Connect the cathode lead of a second 6061 
diode (Tektronix part number 152-0061- 
00) to tlie cathode lead of D32. 

3. Connect the cathode lead of the new diode 
to ground. 

4. Install a 560 k ^2 W, resistor (Tektronix 
part number 315-0564-00) between the 
junction of 'the two diodes and the — 140 
V supply. 

(Figure 4 is a partial schematic showing the 

above four steps.) 




Figure 3. 



5. In the DC Restorer portion of the Verti- 
cal Amplifier circuit, change the capacitor, 
C582, from a 100 pF to a 0.0033 /tiF capaci- 
tor (Tektronix part number 283-0051-00). 
If the instrument you are concerned with 
is a Type 527 with a serial number below 
745, or a Type RM527 with a serial number 
below 1190, we suggest you consult your 
Tektronix Field Engineer before attempting 
the above improvements. 

BENT BNC CONNECTORS 

Occasionally a female BNC connector 
will encounter an impact and become bent 
so it is no longer round. Often you can 
avoid the tedious and time-consuming job 
of replacing this damaged connector. If 
the connector is not too badly bent, the 
driver end of an Excell ite #6, 3/16" nut 
driver makes an excellent tool for straight- 
ening it. The driver has just the right out- 
side dimension to allow its insertion in the 
connector. After in.sertion, a little judicious 
wobbling will generally return the connector 
to a usable condition. 




TEKTRONiX TECHNICAL PUBLICATIONS 



Service Scope Number 39, August 1966 
detailed some of the Tektronix Technical 
publications that are currentl)’ available. We 
are listing more of these items below and 
also some information regarding Technical 
Data which is obsolete and not now avail- 
able. 

TEST SET-UP CHARTS 
These charts are reproductions of the 
front panels of Tektronix Oscilloscopes 
(combined with plug-in units where appli- 
cable). They enable an operator to set up 
the front panel controls for a particular dis- 
pla}^ or series of displays. Charts are avail- 
able in pads of 100 for the following in- 
strument/plug-in arrangements. 



INSTRUMENT PART 


NUMBER 


422 


070-0513-00 


453 


070-0529-00 


502 


070-0482-00 


502A 


070-0488-00 


503 


070-0483-00 


531 


070-0492-00 


532 


070-0493-00 


541 


070-0494-00 


545A/CA 


070-0481-00 


545A/R 


070-0485-00 


545A/Z 


070-0486-00 


547/1 A1 


070-0479-00 


561A/2A60/2B67 


070-0540-00 


S61A/3S76/3T77A 


070-0548-00 


567/3S76/3T77/6R1 


070-0487-00 


S67/3S76/3T77A/6R1A 


070-0547-00 


567/3A2/3B2/6R1A 


070-0541-00 


570 


070-0484-00 


575 


070-0480-00 


575/MOD 122C 


070-0489-00 


262 Program Card 


070-0490-00 


262 Aux. Program Card 


070-0491-00 



TECHNICAL ARTICLE REPRINTS 

Service Scope Number 35, December, 
1965 carried a list of reprints that were 
available at that time. Stocks of the fol- 
lowing are now exhausted : 

Pulse Reflections Pin Doimi Discontinu- 
ities 

Hoxo to Get More Out of Your Spectrum 
Analyzer 

Measuring the Cost of Programmed In- 
struction 

LIozv to Measure High Current Recovery 
Lines in Signal Diodes 
The following reprints are available in 
addition to those shown in Service Scope 
Number 35. 

Current Meas^lrements at Nanosecond 
Speeds by Murlan R. Kaufman. EDN 
(Electronic Design News), October 1965. 
Uses and applications of Tektronix High 
Frequency Probes and current transform- 
ers. 



Advances in Storage Scopes by Donald C. 
Calnon. ELECTRONIC INDUSTRIES, 
February 1966. A description of recent 
advances in Tektronix Bistable storage 
CRT's and oscilloscopes. 

Interpreting Spectrum Analyzer Displays 
by Morris Engel son, MICROWAVES, 
January 1966. A review of typical displays 
illustrating the versatility of Spectrum 
Analyzers in microwave measurement. 

Motiitoring of Vertical Inter field Test 
Signals by Charles Rhodes, JOURNAL 
OF THE^S.M.P.T.E. (Society of Motion 
Picture and Television Engineers) Febru- 
ary 1966. Methods of interpreting and 
displaying, with the aid of. Tektronix TV 
Waveform Monitor, VIT signals which 
permit continuous quality control of TV 
signals. 



These reprints and publications are offered 
on a first come first served basis. When 
quant ites are exhausted they will not be 
reordered. 

For price and availability details concern- 
ing all the above described publications and 
any other Technical Publication originated 
by Tektronix please contact the Tektronix 
Field Office, Distributor or Representative 
in your area or write to 



Solid State Oscilloscope Circuitry by Tek- 
tronix Engineering Staff, ELECTRONIC 
PRODUCTS, February 1964 describes the 
development of the Type 647 oscilloscope 
circuitr}'. 

Where to Use Storage Scopes by Geoffrey 
Gass, ELECTRONIC PRODUCTS, 
November 1965. Six applications for the 
storage scopes showing the display conven- 
ience available with storage facilities. 

OBSOLETE PUBLICATIONS 
The following is a list of current publica- 
tions that should be ordered instead of the 
obsolete publications shown in the left-hand 
column. These obsolete publications may be 
available in limited quantities but, in most 
cases, have not been up-dated since 1960 or 
so. Those marked * are out of stock com- 
pletely. 



International Marketing 
Tektronix, Inc. 

P.O. Box 500 
Beaverton, Oregon 97005 
U.S.A. 
or 

Tektronix Limited 
P.O. Box 36 
St. Peter Port 
Guernse 3 ^ Channel Islands 
British Isles 



OBSOLETE PUBLICATION 


REPLACED BY 
(Order Part No.) 


CURRENT 

PUBLICATION 


Fundamental Electronic Concepts for oscillo- 
scope use and maintenance (1956)* 


070-0190-00 


A primer of Waveforms and 
their Oscilloscope Displays 


‘Junction Function’ (I960)* 




Programmed Instructions, Vol- 
umes 1-7. Basic Semi-conduc- 
tors. 


Calibrating the 181 Time-mark Generator 
(FIP-2) 1960 


070-0292-00 


Type 181 Instruction Manual 


Adjusting the Delay Line and VA in the 
541/545 (FIP 4) 1958 


070-0203-00 

070-0198-00 


Type 541 Instruction Manual 
Type 545 Instruction Manual 


310 Condensed Operating information 
(FI P-6) or 

31 OA Condensed Operating Information 
(FIP-6A) or 

310A Recalibration and Trouble shooting 
(FIP-9) 


070-0244-00 


310/310A Instruction Manual 


Calibrating the Type 1 05 square wave gen- 
erator. (FI P-7) or 

Operating Information on the Type 105 
(FIP 11581) 


070-0371-00 


Type 105 Instruction Manual 


Type 517 re-calibration procedures 
(FlP-1282) 


070-0229-00 


5 1 7/51 7A Instruction Manual 


Notes on the Practical Photography of 
Oscilloscope Displays (FlP-3)* 


070-0383-01 

070-0527-00 


Cl 2 and C2 7 Camera Manual 
and C30 Camera Manual 


Interpreting Oscilloscope Displays of Mag- 
netic Ink Testers* (FIP 10) 


070-0283-00 


Magnetic Ink Character Recog- 
nition 


Frequency Comparisons using roulette pat- 
terns. (061-0147-00, A2024) 


Service 

Scope No, 26 
June 1964 


(Up-dated in Service Scope 
article) 
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‘ektronix Instrument Service Centers:- TKere is a fully-equipped ,and properly-sta: 




INTRODUCTION 



Spectrum Analyzer displays illustrated in 
this article include : frequency stability 

(long- and short-term), amplitude modula- 
tion, frequency modulation, pulse modula- 
tion, ECM measurements, time-domain 
measurements, balanced modulator adjust- 
ment, antenna pattern measurements, video 
pulse spectra, and wide-dispersion measure- 
ments." 

It is assumed that the reader is reason- 



FREQUENCY STABILITY 

The spectrum analyzer can measure both 
long- and short-term frequency stability. 
But the measurement is limited by ; 

(1) Spectrum Analyzer Stability. Obvious- 
ly oscillator stability cannot be measured 
if the unit under test is more stable than 
the oscillators used in the spectrum analyzer. 

(2) Resolution Capability. The analyzer's 
ability to determine the type and/or source 
of the instability depends strongly on the 
instrument’s resolution bandwidth. For ex- 
ample, we cannot determine whether an os- 
cillator is FM’ing at a 60 or 120 hertz rate 
when spectrum analyzer resolution is 500 
hertz. 

Short-term stability. This measurement con- 
cerns fast frequency changes such as those 
caused by power-supply noise and ripple, 
vibration or other random factors. 
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Figure 1. 

Fig. 1 shows the random FM characteris- 
tic of a 3- GHz klystron. Spectrum analyzer 
dispersion is 2 kHz/cm and the resolution 
is 1 kHz. Oscillator FM is about 10 kHz 
— equivalent to 3 ppm. 




Figure 2. 

A short-term stability measurement taken 
on a storage scope is shown in Fig. 2. A 



ably familiar with the operating principles 
of the superheterodyne spectrum analyzer. 
Therefore, the accompanidng discussion 
stresses the interpretation of the displays 
rather than the procedures to generate them. 
For background reading, however, the ap- 
pended bibliography is suggested. 

All displays are actual, imretouched pho- 
tos. Figures 1 through 33 were taken by 
Russ Myer of Tektronix using the follow- 



stored display is convenient here because of 
the extremely slow sweep speeds necessary 
to narrow-dispersion displays. Dispersion is 
50 Hz/cm, resolution is 10 hertz and the 
input signal is 60 MHz. The test signal has 
a spectral width of about 150 hertz. This 
is equivalent to a stability of 2.5 ppm. 

Long-term stability. Here we show the 
measurement of frequency drift as a func- 
tion of time. The procedure depends on the 
characteristics of the spectrum analyzer 
used. One could photograph the screen at 
given intervals, and compare the position of 
the signal on the various photographs. If 
the spectrum analyzer has an auxiliary ver- 
tical output capable of driving a paper chart 
recorder, a permanent record can be ob- 
tained without photography. 

The use of a storage oscilloscope is even 
more convenient with the scope set on a 
single sweep and triggered at appropriate 
intervals, thus storing a complete record 
of drift on the CRT. 




Figure 3. 

For the storage-scope photo of Fig. 3, 
spectrum-analyzer dispersion is 1 kFIz/cm, 
and the input frequency is 60 MHz. The up- 
per half of the screen shows the drift of 
an unstabilized oscillator as it was heated. 
The oscilloscope was manually triggered at 
one-minute intervals. The drift was about 
2 kHz per minute during the first three min- 
utes, but diminished in rate thereafter, be- 
coming nearly stable by the sixth minute. 
The total drift is on the order of 6.5 kHz 
or 108 ppm. 

Temperature compensation can be com- 
puted easily since the amount and direction 
of drift is known. The lower half of the 
photo shows the drift after modifying the 



ing Tektronix instruments : spectrum an- 
alyzer plug-ins— 1 LI 0,1L20, 1L30, 3L10; 
oscilloscopes— 547, 549, 555, 564 ; time do- 
main plug-ins— 1 S i, 3B4 ; signal sources— 
114, 184, 190. Figures 34 and 35 were taken 
by George Thiess of Microwave Physics 
Gorp._ 

In all photos each horizontal division is 
one cm. 



oscillator. Total drift is now about 1 kHz, 
an improvement of 6.5:1. 

A M FLIT U DE M ODU L ATIO N 

Modulation frequency and modulation per- 
centage are the quantities usually desired 
in an AM measurement. Spectrum analysis 
is particularly useful in complex situations 
such as multi-tone modulation or overmodu- 
lation. 




Figure 4. 



Fig. 4 shows an overmodulated AM sig- 
nal. Note the characteristic AM spectrum, 
consisting of a carrier and two sidebands, 
and the presence of additional, unwanted 
sidebands. Spurious sidebands, together with 
primary sidebands where amplitude is great- 
er than one-half the carrier (100% modu- 
lation yields sidebands which are one-half 
the carrier amplitude) positively identify 
overmodulation. 




Figure 5. 



Fig. 5 shows the same signal, but with 
the modulation reduced to 50%. The dis- 
persion of the spectrum analyzer is 1 kHz/ 
cm ; the vertical display is linear. Thus, the 
modulating frequency is seen to be 1 kHz. 
Since the sideband amplitude is one-quarter 
that of the carrier, the modulation is 50%. 
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Figure 6. 



Fig. 6 was photographed at a dispersion 
of 2 k Hz/cm ; vertical display is linear and 
center frequency is 60 MHz. Observe that 
the 60-MHz carrier is modulated at two fre- 
quencies ; 1.6 and 7.5 kHz. Modulation is 
approximately 85% at 7.5 kFTz and 20% at 
1.6 kHz. 

Over modulation can be distinguished from 
two- tone modulation in two ways, evident 
by comparison of Figs. 4 and 6 : ( 1 ) Spac- 
ing between overmodulated sidebands is 
equal while two- tone sidebands are arbitrar- 
ily spaced; (2) The amplitude of over- 
modulated sidebands decreases progressive- 
ly from the carrier, but amplitude of two- 
tone sidebands is determined by the modu- 
lation percentage and can be arbitrary. 

FREQUENCY MODULATION 



FM measurements generally concern mod- 
ulation frequency, spectral width, index of 
modulation and deviation. A typical FM 




Figure 7. 



spectrum is shown in Fig. 7. Dispersion is 
200kHz/cm and the spectral width is about 
1 MHz. The exterior modulation envelope, 
typically resembling a cos" curve, identi- 
fies the frequency modulation. The interior 
envelope appears on the screen because the 
FM rate is of the same order as the ana- 
lyzer’s resolution bandwidth. Consequently 
side bands are not resolved adequately and 
the trace cannot return to the base line at 
every pulse. 




Figure 8. 



The same FM signal appears in Fig. 8 
but the dispersion has been reduced to 10 
kHz/cm and the resolution is 1 kHz. The 
double- envelope display does not occur and 
the sidebands are clearly visible. Modula- 
tion frequency is 10 kHz. 



FREQUENCY DEVIATION 

There is no clear relationship between 
spectral width and deviation, since, in theo- 
ry, the FM spectrum extends to infinity. 
But in practice, the spectral level falls quite 
rapidly as shown in Fig. 7. Experience in- 
dicates that the deviation is on the order 
of Y 2 the observed spectral width. 

V ery accurate deviation measurements 
can be obtained if the modulation frequency 
can be varied. It can be shown that for 
FM the carrier goes to zero at a modula- 
tion index (ratio of deviation to modulating 
frequency) of 2.4; other nulls occur at other 
modulation indices — e.g., the second null oc- 
curs at an index of 4.8. 



This knowledge is the basis of a very 
powerful deviation measurement method 
known as the carrier null method. Figs. 
9, 10 and 11 demonstrate this method. These 
figures were taken at a dispersion setting 
of 200 kHz/cm and a resolution of 100 kHz. 




Figure 9. 




Figure 10. 




Figure 1 1 . 

Note that the spectral width is the same as 
in Fig. 7 but the modulating frequency has 



been increased so that individual sidebands 
can be resolved. In all three figures, the 
signal has been adjusted so that the carrier 
is at the center of the screen. 

Fig. 9 shows a fairly large carrier. In 
Fig. 10, the modulation frequency is in- 
creased and the carrier level has decreased. 
In Fig. 11, the modulation frequency is 
increased further so that a null occurs at 
the position of the carrier. Since the ob- 
served modulating frequency is 200 kHz and 
since the observed index of modulation is 
2.4, the deviation is 480 kHz. 



I‘U L S E M ODU L ATIO N 

Square pulses — A pulse-modulated signal 
generates a complex spectrum of the famil- 
iar sin x/x type. For example, a square 
pulse generates a spectrum described by sin 
7rft/7rft, where t is pulse width and f is 
frequency deviation from the carrier. Fig. 
12 shows the spectrum of a 1-GHz carrier 
modulated by a 0.67-/iS square pulse. Ob- 
serve that the spectrum is entirely above the 
baseline, whereas Fourier theory indicates 
that adjacent lobes should be out of phase 
by 180 deg. This phenomenon occurs be- 
cause the spectrum analyzer is insensitive 
to phase. A second apparent inconsistency 
is that while the spectrum should be (in 
theory) solid, the display consists of ver- 
tical lines. This stems from the fact that 
the superheterodyne spectrum analyzer is 
not a real-time device. It takes many pulses 
to trace out the spectrum. Thus, each ver- 
tical line represents the sampling of one 
pulse. 




Figure 12. 



Now we can manipulate the spectrum- 
analyzer controls to determine the charac- 
teristics of the signal. In Fig. 12 the 
spectrum-analyzer dispersion is 1 MHz/cm 
and the vertical display is linear. For a 
square pulse the theoretical pulse width 
t = 1/fo, where fo is the spectral sidelobe 
width. From Fig. 12, fo c- 1.5 MHz. There- 
fore t =::i: 0.667 /4S. Assuming that the ver- 
tical display is perfectly linear, we find 
that the ratio of main lobe to first side- 
lobe is 6:1.2. This is equivalent to 14 dB. 
More accurate measurement using the spec- 
trum analyzer’s calibrated attenuators gives 
a ratio of 13 dB. Theoretically, the main 
lobe is 13.2 dB greater than the first side- 
lobe. 
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Figure 13. 



Fig. 13 shows the same signal but with 
the dispersion set to zero. (This means that 
the sweep is only in time rather than in 
frequency ; the analyzer is now a micro- 
wave receiver with a CRT readout). The 
display is merely a set of equally spaced 
lines. Since each line represents a pulse, 
the pulse rate can be easily measured. Here 
the scope is sweeping at a 1-ms/cm rate; 
one cycle of the modulating pulse requires 
1 ms. The pulse rate is therefore 1 kHz. 




Figure 14. 



As previously indicated, it is not the 
lines themselves, but only their envelope that 
is of interest. Sometimes it is advanta- 
geous to present an integrated display show- 
ing only the outline of the spectrum. Such 
a display, shown in Fig. 14, is obtained by 
using a postdetection (video) filter. This 
kind of display has several advantages : 
The baseline and its accompanying glare 
are eliminated and weak signals are more 
apparent. Noise is reduced automatically 
by integration and anomalies are removed. 
On the other hand, bandwidth and sensi- 
tivity are reduced (often by 1 to 5dB). 
Sweep speed also decreases. 

Sometimes it is desirable to limit the 
signal’s spectral width by filtering, pulse 
shaping, etc. It then becomes important 
to identif^^ low-level signals. This is ac- 
complished by operating the analyzer in 
its logarithmic mode so that low level sig- 
nals are enhanced relative to large signals. 




Figure 15. 



In the logarithmic display of Fig. 15, the 
main lobe and the first eight side lobes 
are discernible. 

PULSES IN THE PRESENCE OF FM 

All signal sources, regardless of how care- 
fully designed, have a certain amount of 
incidental FM. This limits the type of 
pulse modulation that can be used. 




Figure 1 8. 



Fig. 16 shows a carrier with incidental 
FM deliberately applied. Analyzer disper- 
sion is 5 kHz/cm and FM spectral width 
is on the order of 12 kHz. Fig. 17 shows 
the carrier with the FM removed. (The 
large signal in the center of the main lobe 
is due to a poor on-off ratio in the modula- 
tor. This phenomenon is discussed in an- 
other section.) Fig. 18 shows the combina- 
tion of FM and pulse modulations. Note 
that the signal is not symmetrical and that 
the sidelobes are uneven. An extensive dis- 
cussion of pulsed RF in the presence of 
FM is found in Montgomery.'^ 

EFFECTS OF PULSE SHAPING 

Spectral width can be controlled by sev- 
eral means, including that of pulse shaping. 
The effect of pulse shape on spectral distri- 
bution s illustrated in the following spec- 
trum analyzer displays. Fig. 19 shows the 




Figure 20. 

conventional sin x/x spectrum of an RF 
signal modulated by the square pulse of 
Fig. 20. 




Figure 22. 



Fig. 21 shows an RF signal modulated 
by the asymmetrical triangular pulse in Fig. 
22. Note that the sidelobes in Fig. 21 are 
considerabl}^ lower than those in Fig. 19. 




Figure 23. 



Fig. 23 shows an RF signal modulated 
by the symmetrical triangular pulse shown 
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Figure 24. 



in Fig. 24. Note that this spectrum is al- 
most completely devoid of sidebands. As 
the effective pulse width changes, so does 
the width of the main lobe. The spectrum 
analyzer dispersion was adjusted between 
Figs. 19, 21 and 23, so that the main lobe 
would continue to occupy approximately the 
same number of divisions — this to better 
illustrate the disappearance of the side- 
lobes. 



ECM MEASUREMENTS 




Figure 25. 



In countermeasure work, intelligence is 
sometimes transmitted so as to be masked 
by another signal. An example is the trans- 
mission of information at the null point 
of a pulsed RF signal. Fig. 25 shows 
transmission of a 100-kHz-wide signal at the 
null point. The pulsed RF signal has been 
expanded using the scope horizontal mag- 
nifier control. The cw signal at the null 
point is clearly discernible on the analyzer 
but less so to a ferret receiver. 

PULSE MODULATOR ON-OFF R.A.TIO 

Sometimes the carrier to be pulsed is 
not turned off completely during the pulse- 
off time. This results in a combination of 
cw and pulsed signals. Measurement of on- 
off ratio is complicated by the fact that 
the spectrum analyzer has higher sensitivity 
for cw signals than for pulsed signals. 
The ratio in sensitivity is 3/2 t^, where t 




Figure 26. 



is pulse width and p is spectrum analyzer's 
3-d B bandwidth (resolution bandwidth). 

Fig. 26 shows a typical pulsed RF signal 
generated by a modulator that has a poor 
on-off ratio as indicated by the large sig- 
nal within the main lobe. Dispersion is 
0.5 MFIz/cm (pulse width 1.3 /is), resolu- 
tion bandwidth is 100 Kc and the vertical 
display is linear. To find the on-off ratio 
we compute the loss in pulse sensitivity rela- 
tive to cw : 

3/2 (1.3) (lO-*^) (W) = 1.95 X 10-^ 

20 logio 1/0.195 14.2 dB 

Next, from the vertical deflection in Fig. 
26, the cw signal amplitude is 1/3 that of 
the pulsed signal. This is equivalent to a 
difference of 20 logic 3 ^ 9.5 dB. The 
total on-off ratio is 9.5 + 14.2 ~ 23.7 dB. 



DUAL-BEAM SPECTRUM ANALYSIS 




Figure 27. 



It is sometimes useful to simultaneously 
observe both the RF spectrum and modulat- 
ing waveform, as when shaping a pulse to 
generate a desired spectrum. With a dual- 
beam arrangement, we simultaneously ob- 
serve changes in the modulating pulse and 
the resultant frequency spectrum. With mi- 
crowave sampling scopes we can observe 
both the modulated carrier and the modu- 
lating pulse in time domain. Fig. 27 shows 
a dual -trace display of a 1-GHz carrier 
modulated by a 1-^s pulse. The upper trace 
is in time domain at 1 fis/cm. The lower 
trace is in frequency domain at 1 MFIz/cm. 



TIME-DOMAIN MEASUREMENTS 




Figure 28. 



Some spectrum analyzers can function 
both in time and frequency domains. Such 
instruments are not meant to replace oscil- 
loscopes, as their sensitivity is rather poor 
(lOOmV/cm) and their input impedance is 
low (50 12). In microwave systems, how- 
ever, where detectors like to be terminated 
in 50 12, useful information can be obtained 



with such anab^zers. Fig. 28 is a double- 
exposure photo showing the time domain 
characteristics of the modulating pulse as 
the upper trace and the output spectrum as 
the lower trace. The same display could 
have been obtained with a dual-beam oscil- 
loscope. 




Figure 29. 




Figure 31. 

BALANCED-MODULATOR ADJUSTMENT 



Balanced modulators often are used to 
impose suppressed-carrier modulation. Figs. 
29 to 31 illustrate how this application can 
be monitored by a spectrum analyzer. Fig. 
29 shows a modulator that is not well bal- 
anced. The carrier is almost as large as the 
side bands. The balance controls are now 
adjusted to an intermediate stage of per- 
formance as shown in Fig. 30. The fully 
adjusted system, with the carrier almost 
entirely suppressed, vields the spectrum of 
Fig. 31. 

A NTEN N A-PATTERN M EASUREM ENTS 

The spectrum analyzer also can be used 
to provide antenna-pattern data. Assume 
that the transmitting antenna under test is 
stationary. A transmitted pulse is picked 
up by a receiving antenna and displayed on 
the analyzer as a typical sin x/x spectrum. 
If the analyzer’s input frequency is centered 
on the main lobe and the dispersion reduced 
to zero we get a set of equal amplitude lines 
across the screen. Each line represents one 
transmitted pulse. 
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Assume now that the test antenna is rotat- 
ing. A very strong signal is received when 
the pickup antenna is located in the main 
lobe of the transmitting-antenna pattern ; 
signals are weaker in the si delobes and mini- 
mal in the i)attern nulls. If the spectrum 
analyzer is swept very slowly, so slowly in 
fact that one sweep corresponds to 360 deg. 
of antenna rotation, the CRT screen can be 
calibrated in degrees to display a complete 
antenna pattern. 




Figure 32. 



Fig. 32 shows such a simulated antenna 
pattern. The ten horizontal screen divisions 
correspond to 360 deg. of antenna rotation, 
36 deg. per division. Since the vertical dis- 
play is linear with voltage we can compute 
amplitude differences directl^^ Thus, 3 dB 
is 0.707 of maximum deflection or 0.707 x 
5.8 = 4.1 divisions. 

The main lobe of the pattern is about one 
horizontal division wide at the 4.1 division 
height and the antenna therefore has a beam 
width of about 36 deg. The center of the 
screen corresponds to the 180-deg. position. 
The ratio of main lobe deflection (5.8 divi- 
sions) to that at 180-deg. rotation (0.2 divi- 
sions) is the antenna’s front-to-back ratio, 
which for this antenna is 11.6, or 21.3 dB. 

One precaution : the receiving antenna 
must have very low sidelobes and a narrow 
beam width in comparison to the transmit- 



ting antenna so as not to affect the recorded 
pattern. Keep in mind also that the analyzer 
must be swept quite slowly to record the 
pattern. A paper chart recorder or storage 
scope can therefore, be very helpful. Fig. 
32 was displayed on a storage scope. 

VIDEO PULSE SPECTRA 

It is sometimes useful to examine the 
Fourier spectrum of a video-pulse train 
directly, without modulating a carrier. 
Whereas in a pulsed RF signal the spectrum 
is centered around the carrier frequency, 
the spectrum for a video pulse goes to zero 
frequency. 




Figure 33. 



Most spectrum analyzers having wide dis- 
persions cannot display such low frequencies. 
However, some spectrum anah'zers using- 
balanced mixers for local oscillator suppres- 
sion are suitable. Fig. 33 shows the spec- 
trum of a 0.4-/iS pulse. Analyzer disper- 
sion is 2 MHz/cm. 

W I DE I) I S I ' E RS 1 0 N M E A S U K E M E NTS 

A new class of spectrum analyzers having 
.gigahertz dispersions recently has appeared 
on the market. The accompanying figures 
illustrate two applications of these new 
devices. Fig. 34 shows eleven signals spaced 
at 1-GHz intervals from 2 to 12 GHz. An- 
alyzer dispersion is 10 GHz. 




Figure 35. 



Fig. 35 shows the harmonics of a 900-Mc 
MHz transistor oscillator. The spectrum 
analyzer is sweeping from 1.7 to 12.5 GHz. 
We observe that this oscillator has sub- 
stantially no output beyond the 6th harmonic. 
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TEKTRONIX PROBES — PROBE- 
IDENTIFICATION TAGS 

While engaged in multi -probe applications, 
have you ever experienced frustration in 
quickly locating correlating probe ends or 
determining which probe cable led to which 
probe ? 

We have available, plastic probe-identifi- 
cation tags (see Figure 1) that help you 
locate correlating probe ends quickly and/or 
determine which probe cable leads to which 
probe. 

These tags come in two versions, one ver- 
sion has a .125-inch center hole to fit 
around the smaller cable used on some of 
our probes, the other has a .178-inch — ,185- 
inch center hole to fit around the larger 
cable used on other of our probes. The tags 
are packaged 20 tags of a center-hole size to 
a package — 2 tags each of ten colors. 



For use on probes with the smaller cable 
order Tektronix part number 334-0789-00. 
For use on probes with the larger cables, 
order Tektronix part number 334-0789-01. 
Please order through your local Tektronix 
Field Engineer, Field Representative, or 
Distributor. 




Figure 1. Probe Identification Tags 

TYPE 310 AND TYPE 310A— CALI- 
BRATION-PROCEDURE NOTES 

In the Type 310 and Type 310 A Instruc- 



tion Manual, on page 5-12 of the Calibration 
Procedure section, paragraph “d” reads: 
“d. Connect the CAL OUT connector to 
the TRIG INPUT connector as well as to 
the INPUT connector.” Change this to 
read: “d. Connect 0.2V from the CAL 
OUT connector to the TRIG INPUT con- 
nector as well as to the vertical INPUT 
connector.” 

The specifications for the Type 310 and 
310A call out 0.2 V as the trigger reciuire- 
ments for external trigger on these instru- 
ments. Failure to repeat the information in 
the calibration section of the instruction 
manual has caused confusion for some when 
calibrating these instruments . Our apologies 
to these people. We hope this information 
clears the confusion. 
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NEW FIELD modification KITE 



BLANK PLUG-IN 



This field modification kit supplies the 
necessar}^ liardware to construct a skeleton 
plug-in unit for use in a Tektronix Type 560 
Series Oscilloscope. This kit is intended for 
those who wish to design their own special- 
purpose plug-in units. 

From the information supplied in the kit, 
a skeleton plug-in unit can be constructed 
so as to be compatible with a specific Type 
560 Series Oscilloscope or with several (or 
all) of these instruments. 

The kit also supplies pertinent informa- 
tion so that the special plug-in may be de- 
signed to operate in conjunction with either 
a Tektronix-produced plug-in unit in a Type 
560 Series Oscilloscope or with a second 
special plug-in unit. 

This modification kit is applicable to the 
following Type 560 Series Oscilloscopes : 
560, 561, RM561, 561A, RM561A (including 
MOD 210C), 564, RM564, 565, RM565, 567, 
and RM567. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix part 
number 040-0245-00. 



USED INSTRUMENTS FOR SALE 

1 — Type 511 Oscilloscope, sn 111. Price: $175. 
Contact: R. R. Chittenden, Electro Mechanical 
Company, P.O. Box 7886, Portland, Oregon. 
Phone: 289-8885. 

1 — Type 517 Oscilloscope, sn 781, with power 
supply and probe, good condition. Would like 
cash or a Type 541 Oscilloscope with a Type 
53/54 C Dual-Trace Plug-In Unit. Contact: G. L. 
Boelke, 505 Main Street, West Seneca, New 
York 14224. 

1 — Type 515A Oscilloscope, sn 1687. Contact: 
Mr. George Dupont, New York Stock Exchange. 
Phone: 212-HA 2-4200 x 463. 

1 — ^Type Q Transducer and Strain Gage Plug-In 
Unit, sn 1742. About 2 years old, new condition. 
Price: $275.00, FOB West Palm Beach, Florida. 
Contact: Jerry Strasser, Solitron Devices, Inc., 
1177 Blue Heron Blvd, Riviera Beach, Florida. 
Phone: 305-848-4311. 

1 — Type 585A Oscilloscope; 1 — Type 82 Dual- 
Trace Plug-In Unit; 1— -Type 202-2 Scope-mo- 
bile<® Cart; and 1 — C12R Oscilloscope Camera 
with projected graticule. Available for immedi- 
ate delivery. Price: 10% off catalog list price. 
Contact: Mr. H. Brawley, 25 Hemlock Street, 
Norwood, Massachusetts. Phone: 617-769-3888. 

1 — Type 511 Oscilloscope, sn 438, PllA CRT. 
Price: $150.00. Contact: R. S. Komp, Box 372, 
Fairhaven, New York 13064. Phone: 315-947- 192 L 
1 — ^Type 131 Amplifier. Approximate age 14 
months. Contact: Tom Thompson, Bemis Bag 
Company, 325 - 27th Avenue, N.E., Minneapolis, 
Minnesota. 

1 — ^Type 105 Square Wave Generator. Price: 
$175. 1 — Type 112 Preamplifier; 1 — Type 121 
Preamplifier. Price: $110 each. 1— Type 180S1 
Time Marker. Price $290. We are interested in 
either purchasing or trading for used Type 321 
Oscilloscope and Type 575 Curve Tracer. Con- 
tact: Denes Roveti. Technical Director, Roveti 
Instruments, 1643 Forest Drive, Annapolis, Md. 
21403. 

1 — Type 561A Oscilloscope, sn 6000; 1 — Type 
3S76 Dual-Trace Sampling Plug-In Unit, sn 402; 
1 — Type 3T77 Sampling Sweep Plug-In Unit, sn 
340. Contact: Allen Avionics, P. O. Box 350, 
Mineola, New York. 

1 — ^Type 512 Oscilloscope, sn 1997, includes most 
modifications. Was completely overhauled in 
1961. Contact: Mr. J. R. Harkness, Briggs & 
Stratton Corp., P.O. Box 702, Milwaukee, Wis. 
53201. Phone; 414-461-6600. 



TYPE 502 DUAL-BEAM OSCILLO- 
SCOPE-VARIABLE TIME/CM 

This modification adds a VARIABLE 
control to the TIME/CM switch on the 
Type 502 Oscilloscope. This provides a 
sweep rate continuously variable tin cali- 
brated from 1 /isec/cm to over 12 s/cm. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix part 
number 040-0221-00. 



TYPE 524K TELEVISION OSCILLO- 
SCOPE — PROBE POWER 

This modification installs a probe power 
socket on the front panel of the Type 524D 
Television Oscilloscope. This allows a 
P500CF cathode-follower probe to be used 
with the oscilloscope. DC filament voltage 
for the probe's vacuum tube reduces hum 
to a minimum. 

The P500CF Probe presents a low input 
capacitance with minimum attenuation. 

This modification kit replaces the Type 
524D Probe Power Modification Kit (Tek- 



1— Type 551 Oscilloscope, sn 757; 1— Type 53/54 
C Dual-Trace DC Plug-In Unit, sn 20847; 1— 
Type 53/54 H Wide-Band High-Gain DC Plug-In 
Unit, sn 591. Excellent condition, less than 200 
hours total operation. Price: $1400 total, or will 
sell separately. Contact: Dr. B. J. Wilder, 

Neurology, J. Hillis Miller Health Center, Uni- 
versity of Florida, Gainesville, Florida. Phone: 
904-376-3211. Ext. 5418. 

1 — Type 544 Oscilloscope; 1 — Type 1A2 Dual- 
Trace Plug-In Unit; 1 — P6016 AC Current Probe; 
l~Type P Fast-Rise Test Plug-In Unit, sn 2530. 
About 4 years old, new condition. Price: $50.00, 



USED INSTRUMENTS WANTED 

1 — Type 531, 532 or 533 Oscilloscope less plug- 
in. Please state condition and price when 
answering. Contact: Mr. J. R. Harkness, Briggs 
& Stratton Corp., P.O. Box 702, Milwaukee, 
Wisconsin 53201. Phone: 414-461-6600. 
l-y-Type 515 or Type 535 Oscilloscope. Contact: 
Fidelitone, Nick L. Miku, 6415 North Ravens- 
wood Avenue, Chicago, Illinois 60626. Phone: 
312-274-0075. 

Wanted to buy used Type 516 Oscilloscope. 
Contact: Tim Denning, Tim’s Electronic Service, 
Houghton, Iowa. Phone: 319-469-2364. 

Used 500 Series Oscilloscope, at least 15 MHz 
band. Contact: Jim Worthington, 301 Longview 
Drive, Monroeville, Pennsylvania. 

1 — Type 310 or Type 310A Oscilloscope. Contact: 
Mr. R. L, Goodman, Clark Dunbar, 325 Jackson 
St., Alexandria, Louisiana. Phone: 318-443-7306. 
1— used Type 515 Oscilloscope. Contact: Mr. 
John Bohinko, 117 Abbot Street, Plains, Pennsyl- 
vania. 

1— Type 543B Oscilloscope; 1 — Type 1A2 Dual- 
Trace Plug-In Unit; 1— Type 1A7 Differential 
Amplifier Unit. Contact: Brooks Delecktro, 41 
East 42nd Street, New York, New York 10017. 
Attn: Miss Brooks. Phone: 212-687-4940. 

Used Type 536 Oscilloscopes and Type T Time- 
Base Generator Plug-In Units. Contact: Mr, 
Julie, Julie Research Laboratories, 211 West 61st 
Street, New York, New York. Phone: 212- 
Circle 5-2727. 



For complete information contact your Field 
Engineer, Field Representative, or Distributor. 



tronix part number 040-0059-00) which pro- 
vided AC filament voltage for the probe’s 
vacuum tube. It will also convert a Type 
524D with the 040-0059-00 modification kit 
installed from AC to DC filament voltage 
for the probe’s vacuum tube. 

Order through your local Tektronix Field 
Office Field Engineer Field Repre.senta- 
tive or Distributor. Specify Tektronix part 
number 040-0273-00. 



CORRECTION NOTE 

In the October, 1966 issue of Service 
Scope there is a typographical error on page 
4, The set of equations just opposite Figure 
4, as printed reads : 

Voc x417k 

Voc = ^ 

t Zth "i“ 4.7 k 
1 



It should read : 

Voc X 4.7 k 

Voc = ^ ,,,, 

t Zth 4.7 k 
1 



MISSING INSTRUMENTS 

Following are the instruments reported to us 
in the past 60 days as lost or presumed stolen. 
With each instrument (or group of instruments), 
we list their legal owner. Should you have any 
information on the present whereabouts of these 
instruments, or information that might lead to 
their eventual recovery, please contact the indi- 
vidual or firm listed here as the owner. If you 
prefer, you may relay your information to any 
local Tektronix Field Office, Field Engineer, or 
Field Representative. 

1— Type 533A Oscilloscope, sn 3465; l~Type CA 
Plug-In Unit, sn 19411; 1 — ^Type D Plug-In Unit, 
sn 8630; 1 — ^Type Z Plug-In Unit, sn 541, were 
removed from the premises of Electramatic, Inc., 
over Labor Day weekend. Anyone having infor- 
mation concerning these instruments, contact 
Mr. Arnold Gilbertson, 3324 Hiawatha Avenue, 
Minneapolis, Minnesota 55406. Phone: PA 1-5074. 
Mr. Forrest Barker with the Los Angeles City 
College, has lost his four 502 Oscilloscopes, The 
serial numbers are 8506, 8854, 9280 and 9779. 
Mr. Barker would appreciate hearing from any- 
one with information on the whereabouts of his 
instruments. His phone number is 213-633-9141, 
ext. 259. 

1— Type 310A Oscilloscope, sn 21352. This ins- 
trument disappeared, and is presumed stolen, 
from a car about two months ago. If you have 
information concerning this instrument, please 
contact Mr, Bill Wise, Mosler Safe Company, 
Pittsburgh, Pennsylvania. 

1 — Type 516 Oscilloscope, sn 1539, was reported 
missing last week of September, 1966. Contact: 
M. J, Coppler, Florida Telephone Corp., Lees- 
burg, Florida. Phone: 904-787-4525. 

1 — Type 422 Oscilloscope, sn 1672 disappeared 
and is presumed stolen from Jean C. Bisset, 
“GEWSEN” Western GEEIA Region, McClellan 
AFB, California 95628. 

1 — Type 321 Oscilloscope, sn 000106 presumed 
stolen. Anyone having information concerning 
this instrument please contact: Mr. Vourganas, 
Baird Electronics, 630 Dundee Road, Northbrook, 
Illinois. Phone: 312-272-2300. 

1 — Type 321A Oscilloscope, sn 1366 disappeared 
on approximately May 13, 1966. Contact: Univac, 
Plant 3, St. Paul, Minnesota. 

1 — Type 321A Oscilloscope, sn 00194 reported 
missing on October 25, 1966. Contact: Univac 
Division (Sperry-Rand), 3645 Warrensville Center 
Road, Cleveland, Ohio 44122. Attn: W. Uminski. 
Call Collect, Phone: 216-752-7000, Ext. 36. 
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